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Fire Protection Developments in 1951 
By Percy Bugbee, General Manager 


National Fire Protection Association 


The Committee on Fire Casualty Statis- 
tics and the Fire Record Department of 
NFPA have been working on obtaining 
more accurate statistics on deaths and in- 
juries from fires and are working towards 
the universal acceptance of a model report- 
ing form for fire casualties. The best esti- 
mates from these sources for the fire fatali- 
ties during 1951 in the United States and 
Canada stand at 12,518. In the light of all 
of our present knowledge of fire hazards 
and how to eliminate them, this is certainly 
a disgraceful record. 


Losses Greatest in History 

The preliminary estimates of property 
losses for the year are $823,500,000 of 
which $742,000,000 is in buildings and 
contents and $81,500,000 in outdoor fires 
such as fires in aircraft, motor vehicles and 
forest and brush fires. These figures com- 
pare with a building and contents loss of a 
year ago estimated at $699,600,000 and an 
outdoor fire loss of $76,840,000, notice- 
able increases in both items. The total dol- 
lar value of loss for last year is greater than 
any previous year in history, but, of course, 
such figures must be used with a full 
understanding of the effects of iaflation, 
and it is our general opinion that in 


amount of property destruction we are 
probably better than holding our own. 

The Fire Record Department of NFPA 
estimates that there were approximately 
302 fires during 1951 with a loss of a 
quarter of a million dollars or more. This 
compares with the figure of 243 such fires 
in 1950, an increase of 24 percent and the 
largest number in history. 


Some Bad Examples 

There were a number of individual fires 
that attracted widespread interest and at- 
tention during the year. The first of these 
occurred in Lansing, Mich. on February 8 
when the state office building was very se- 
riously damaged with a very large loss of 
state records. While this fire was set by 
one of the employees, weaknesses in the 
construction and protection of the building 
and inadequate record protection equip- 
ment combined to produce the serious loss, 
this in spite of the fact that some years pre- 
viously the state fire marshal had made 
recommendations pointing out the hazards 
in the building. (See April 1951 Quar- 
terly, page 288.) 

The second of these fires occurred in 
Montreal on June 15 in a Catholic hospice. 
This fire took the lives of 35 persons and 








186 


again was an example of poor construction 
and inadequate built-in protection. (See 
July 1951 Quarterly, page 31.) 

The Newark, N. J. propane terminal fire 
of July 7 involved some 70 large tanks, 
each 70 feet long and 105 inches in diam- 
eter, and was perhaps the most spectacular 
fire of the year. (See July-August 1951 
Fire News, page 5.) 

The series of gas explosions in Brigh- 
ton, N. Y., a suburb of Rochester, on Sep- 
tember 21 caused two deaths and several 
injuries plus considerable destruction of a 
group of substantial dwellings. This inci- 
dent offered numerous interesting lessons 
to students of fire protection. (See October 
1951 Quarterly, page 85.) 


U. S. Fire Departments 

So far as our municipal fire departments 
are concerned, the number of changes in 
working hours and pay did not appear to 
be nearly as evident or pronounced as dur- 
ing the previous year. With the advent of 
the NPA and materials control, there arose 
considerable confusion and difficulty with 
respect to the purchase of municipal fire 
apparatus, and many cities found it difficult 
to place orders and to forecast when or- 
ders, if placed, would be filled. There are 
indications this situation may improve. 

The trend to more extensive and effec- 
tive fire prevention work in fire depart- 
ments mentioned in recent surveys has con- 
tinued during the past year and was greatly 
stimulated by a special campaign for reduc- 
tion of deaths to children in fires instituted 
by the International Association of Fire 
Chiefs. This campaign was specifically 
pointed at the inspection of dwellings by 
fire departments, a procedure that has 
proven highly effective in the cities that 
have instituted it and one that can be car- 
ried on with no extra expense to the tax- 
payers. We are hopeful that this move- 
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ment will expand very rapidly and become 
universally accepted by fire departments 
everywhere, as most deaths and injuries 
from fire occur in private dwellings. 


Some fruitful conferences have been 
held between representatives of the build. 
ing officials of the country and the city fire 
marshals and fire prevention bureau chiefs 
to iron out conflicts of jurisdiction which 
often exist between those two agencies. This 
activity has been fostered by the NFPA. 


New NFPA Standards 

A substantial body of new standards of 
particular interest to the states and cities 
were developed by various NFPA commit- 
tees during the past year. The 1951 edi- 
tion of the National Electrical Code made 
its appearance and was very widely adopted 
throughout the country. The new National 
Fire Codes issued by the NFPA on Extin. 
guishing and Alarm Equipment, Building 
Construction and Equipment, and Flam. 
mable Liquids, Gases, Chemicals and Ex. 
plosives, embody all of the standards in 
these important three fields and are widely 
used as reference material for legislation. 
New Standards on Motor Fire Apparatus, 
on Liquefied Petroleum Gases, and on Oil 
Burning Equipments were developed and 
a new edition of the model Flammable 
Liquids Ordinance made its appearance. 

Interest in legislation controlling fire- 
works continues with new state laws 
adopted during the year in Oregon and 
Colorado. The City of Los Angeles 
adopted a comprehensive Dangerous Chem- 
ical Code covering some 2,000 chemicals. 


By Teachers for Teachers 
Great advances were made during 1951 
in the field of public education in fire waste 
control. A very important development has 
been the issuance by the National Educa- 
tion Association of four manuals on fire 
safety prepared by teachers for teachers 
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and covering primary grades, intermediate 
grades, junior high school and senior high 
school teachers. The widespread accept- 
ance of this material by teachers is bound 
to have a long-range effect upon the habits 
of our people. 

The acceptance by the Advertising 
Council of a campaign on home fire pre- 
vention with the NFPA as the sponsor se- 
cured during the past year valuable radio 
and television time, magazine and news- 
paper space for fire prevention on a scale 
never previously attained. This campaign 
is on a year-round basis and we expect will 
gain increasing momentum during 1952. 


Fire Contests 

Awards for excellence among cities for 
year-round fire prevention activity are 
made by the National Fire Waste Council 
in April of each year. The awards for 1950 
for the various classes of population were 
to Houston, Texas, Atlanta, Ga., Hartford, 
Conn., Bethlehem, Pa., Parkersburg, W. 
Va., and Fort Collins, Colo., with the City 
of Detroit, Mich. the grand winner. 

Fire Prevention Week in October was 
more widely observed throughout the 
United States and Canada than any year in 
its long history and thousands of commu- 
nities filed entries with the NFPA in the 
Fire Prevention Week Contest. The grand 
winners in the United States and Canada 
were respectively: Fort Wayne, Ind., Otta- 
wa, Ontario, and the winning U. S. cities 
by classes of population were: Class 1: 
Chicago, Ill., Class 2: Louisville, Ky., 
Class 3: Fort Wayne, Ind., Class 4: Ala- 
meda, Calif., Class 5: Tuscaloosa, Ala., 
Class 6: Atlantic, lowa. For Canada: Class 
A: Ottawa, Ont., Class B: Hull, Que., 
Class C: Arvida, Que., Class D: Kenora, 
Ont., Class E: Kentville, Nova Scotia. 

A unique development in the field of 
publicity during the year was the conduct- 
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ing of a joint contest for fire photographs 
by the NFPA and the National Press 
Photographers Association. This contest 
aroused great interest and brought a large 
and very valuable collection of spectacular 
and educational fire photographs and is 
being continued. The NFPA published the 
‘1951 Photo Contest Fire Photographs” in 
NFPA Pamphlet No. E15. 


Defense Awareness Lags 

The situation with respect to civil de- 
fense is of special interest to fire authori- 
ties because of the very great importance of 
the fire aspects of modern warfare. Civil 
defense developments of 1951 were ex- 
tremely spotty with rather spectacular 
strides being made in individual states and 
cities but with an overall lag and apathy 
that was evident throughout the year. 

I think it is safe to say that the civil 
defense authorities, particularly on the fed- 
eral and state levels, have not for the most 
part created public awareness and enthu- 
siasm for a real civil defense effort in this 
country. It is to be hoped that during the 
coming year the public can be made to 
realize that we are subject to a devastating 
attack upon our cities because of new de- 
velopments in weapons which radically 
change the whole conception of war. 
Should we ever be subjected to such an at- 
tack, numerous and large-scale fires are 
inevitable. Fortunately the training of the 
mass population in simple fire fighting 
measures is sound and constructive whether 
we are ever attacked or not. 


New Activities 
Special new developments of the year 
initiated by the National Fire Protection 
Association include a program in the field 
of flammable liquids instituted in the late 
fall of 1950 and carried through in 1951 
with conspicuous success. 


The new Society of Fire Protection En- 
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gineers launched by the Association in the 
early spring of 1951 has aroused wide- 
spread interest among fire protection en- 
gineers. This Society is intended to secure 
recognition of this special branch of en- 
gineering by state licensing boards and 
others concerned with fire protection. 
Perhaps the most useful and practical of 
all special publications for fire inspectors 
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of all kinds is the NFPA Fire Inspection 
Manual which made its appearance during 
the year and which is widely used. 

The issuance of the fifth edition of the 
Municipal Fire Administration text by the 
International City Managers Association is 
worthy of special mention because this 
textbook has become a standard for munic. 
ipal fire administration practices. 


Fire Problems of 1952 


By Robert S. Moulton 


The beginning of a new year, while of 
itself bringing no new problems in the 
field of fire protection, is an appropriate 
time to pause for a review of some of the 
fundamental problems of fire prevention 
and fire protection that confront all of us 
during the year 1952. The following sum- 
mary covers a few items which seem of 
particular significance as indicated by the 
inquiries received by the NFPA Executive 
Office. They are by no means all of the fire 
problems that require current attention, 
but are particularly challenging and should 
be of concern to every fire protection en- 
gineer, to all the members of the NFPA, 
and to fire authorities generally. 

These special items have been selected 
for discussion in this article as being of 
particular current interest but not with any 
thought that they are necessarily any more 
important than many other fire problems. 
This selection should not be construed as 
any lack of appreciation of the never- 
ending problems of public education in fire 
prevention, better public and private fire 
protection, the continual need for better 
housekeeping, and all of the thousand and 
one other items that are the constant con- 
cern of the fire prevention inspector. 


The Atom Bomb 

The fire problem of the atom bomb is a 
stupendous one. We are all greatly con. 
cerned about the possible fire effects of 
atomic attack and those who are most fa- 
miliar with the subject realize how devas. 
tating such fire can be. People generally 
are concerned and are groping for some 
answer but have had little real guidance 
beyond the very common-sense suggestion 
that if our centers of industry and our pop. 
ulation were so dispersed that they were 
no longer an attractive target, the fire prob. 
lem would largely be eliminated. Any sys- 
tematic attempt at dispersal by government 
edict seems out of the question at present 
except perhaps in the cases of a few key in- 
dustrial operations. Real estate values and 
vested interests generally would stand to 
lose too much by any drastic change in 
the present congested pattern of Ameti- 
can Cities. 

While there has been some rather intel- 
ligent defense planning, as far as the gen- 
eral public is concerned, about the only vis- 
ible attempt to deal with the fire aspects of 
atomic attack to date is the placing of signs 
indicating the location of shelters, specify- 
ing emergency highway routes, etc. This is 
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quite characteristic of the common ap- 
proach to fire problems by the lay public 
which all too often seems to think that all 
that needs to be done is to post suitable 
signs and that the fire problem will thereby 
be solved. Signs do, of course, have their 
place and if a liberal posting of signs read- 
ing: ‘Fires are not permitted to start here” 
gives added peace of mind to the occupants 
of buildings, perhaps it is a good thing, 
provided only that such signs do not oper- 
ate to detract attention from real fire safety 
measures. 


The Tax-Free Factory 

American industry is being dispersed to 
some extent, not primarily by reason of any 
specific fear of atomic attack nor to any 
government activity, but due to the increas- 
ing expense and difficulty of operation of 
large industrial enterprises in urban areas. 
The increasing local tax burden, difficulty 
in compliance with all sorts of codes and 
regulations, parking and labor problems, 
provide a powerful incentive to industry to 
move out into the country. 


While this industrial dispersion is highly 
desirable from the war angle, it often pre- 
sents a serious peace-time fire problem 
which the fire record shows all too clearly 
is getting worse year by year. The factory 
in the rural area outside the city is often 
erected with no legal restrictions as to type 
of construction or occupancy and thus may 
present a greater inherent hazard. It is 
located in a rural area where there is no 
good public water supply and public fire 
protection is apt to be quite inadequate as 
judged by city standards. The designers of 
such factories in rural areas all too fre- 
quently fail to realize that they cannot have 
buildings of greater combustibility and 
place them in an area with less public pro- 
tection without being subject to the penalty 
of greater fire losses. The answer here is 
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obvious — that of providing a complete 
automatic sprinkler system or other private 
protection. Fortunately many of the more 
progressive managements have recognized 
this necessity. 


Acres of Fire 

The increasing size of buildings, partic- 
ularly industrial and storage structures, is 
such that areas of buildings must often be 
measured in acres rather than square feet. 
Large-area structures present an increasing 
fire problem, particularly where the con- 
tents are combustible and reliance is placed 
on fire department protection which is 
limited by economic factors and should not 
be expected to cope with fire of such mag- 
nitude. Industrial designers call attention 
to the advantages of large manufacturing 
and storage areas under one roof. The 
problem is to make the fire protection keep 
pace with such new developments. In many 
cases really adequate fire protection for such 
large areas would be so costly that subdivi- 
sion of areas is the only practical answer. 


The High Pile 

Mechanization of industrial and storage 
operations has now proceeded to the point 
where material handling is largely by 
means of mechanical equipment rather 
than by manpower. That ingenious gad- 
get, the fork lift truck, has made it possible 
to carry all sorts of merchandise around 
and boost it up to the top of high piles, 
greatly increasing the amount of storage 
possible in a given area as compared with 
the days when the height of storage piles 
was pretty much limited to a man’s reach. 


Where the material stored is combus- 
tible, this brings an aggregation of fuel 
in one spot which presents a fire problem 
far beyond anything that was contemplated 
when the protection for the storage struc- 
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ture was designed. Not only do we have 
in these high piles a larger concentration 
of combustible material, but the pallets 
used themselves provide combustible mate- 
rial and air spaces through which fire can 
travel out of the reach of automatic sprin- 
klers or hose streams. The fork lift truck is 
without doubt here to stay because of its 
vast savings in labor. The problem is now 
for fire authorities to find some way of off- 
setting the hazard of the high pile. 


The Open Door 

The open door is a traditional invitation 
to the stranger to enter and unfortunately 
this principle operates where the stranger 
is fire just as it does for the tired wayfarer. 
In new buildings, stairways are now quite 
largely enclosed, the building code writers 
having now learned the necessity of this 
elementary feature of fire safety. But, the 
wooden wedge under the bottom of the 
door in the stairway enclosure to a large 
measure invalidates the entire program of 
protection of vertical openings. Stair doors 
are found blocked open in every sort of 
building in every part of the country. 

Those buildings where the character of 
maintenance is such as to keep doors 
closed, or the design ofthe building is 
such that there is no incentive for occu- 
pants to block the doors open, are the ex- 
ception rather than the rule. Inspectors 
remove wooden wedges by the bushel and 
the next day the doors are again open 
with more wedges. Fire protection people 
should realize the seriousness of this prob- 
lem and there should be some engineering 
solution to it. Education, of course, should 
be continued and intensified and some peo- 
ple might even suggest legislation making 
it a crime to have a wooden wedge in one’s 
possession. However, there should be 
some mechanical answer. A fusible link 
door closer is one answer, but it is subject 
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to the objection that it does not operate in 
case of fire quickly enough to prevent the 
passage of large quantities of smoke which 
may create a life hazard. Quick-operating 
devices functioning on the rate-of-rise or 
electronic principle might operate quickly 
enough but are expensive and involve com. 
plicated maintenance problems. The old. 
fashioned smokeproof tower might be an 
excellent answer except that people don't 
like to go out on open balconies in cold 
weather. Door releases could be connected 
with automatic sprinkler or fire alarm sys. 
tems, but this again might involve mainte. 
nance difficulties. The overall problem of 
the open door seems to the writer to be one 
of the most serious of current fire problems 
and one unfortunately which has received 
comparatively little fundamental attention. 


Explosive Insulation 
Some kinds of insulation board, largely 


used for interior finish in inexpensive con- 
struction, can burn so fast that people have 
suspected the presence of explosives. The 
problem is to treat the material to reduce 
its surface combustibility to that of ordi- 
nary wood, or less, without prohibitive in- 
crease in cost, or material decrease in ther- 


mal insulating value. As a result of 
research by manufacturers, considerable 
progress has been made in developing 
flame-reducing treatments. However, there 
still remains the serious problem of the use 
of combustible adhesives and binders with 
noncombustible products such as mineral 
wool and particularly the use of tar paper 
vapor seals that can burn with explosive 
rapidity. 
The Oil Stove 

Small domestic oil stoves, largely those 
having pot type burners, are being used to 
a greater and greater extent and are taking 
an increasing toll in loss of life by flash 
fires. The regular oil burner of the type 
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listed by Underwriters’ Laboratories and 
installed in accordance with NFPA stand- 
ards has a relatively favorable record. The 
trouble is with the small, cheaply made, 
unapproved devices, often improperly in- 
stalled in small homes, with careless han- 
dling of the fuel, lack of proper mainte- 
nance of the stoves, operation with inade- 
quate ventilation and other defects, which 
are combining to make the oil stove per- 
haps the greatest single factor today in loss 
of life by fire in the poorer class of dwell- 
ings. The answer to this problem appears 
to lie in fire department educational activ- 
ities such as have been conducted by the 
Memphis Fire Department with excellent 
results, in securing the cooperation of the 
manufacturers in making a better product, 
and perhaps in some legal control over de- 
fective equipment and improper installa- 
tion. 


The Burning Aircraft 


Fire continues to be the major factor in 
loss of life in aircraft accidents. While 
much attention has been devoted to this 
subject by the NFPA Committee on Avia- 
tion and Airport Fire Protection and the 
many organizations represented in this co- 
operative project, current fire experience 
seems to show that the problem instead of 
getting better is actually becoming worse. 
At one time it was supposed that the intro- 
duction of jet propulsion with a higher 
flashpoint fuel would reduce the fire prob- 
lem, but this is apparently not to be the 
case. There appears no easy answer and 
the problem presents a serious challenge to 
the entire aviation industry as well as to 
fire authorities. 


The Wrong Extinguisher 


Any extinguisher is a wrong extin- 
guisher when used improperly on a type of 
fire for which it is not suited, if made the 
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excuse for neglect of other fire safety meas- 
ures, and above all if occupants of burning 
buildings fail to call the fire department 
because of an exaggerated faith in the 
miraculous powers of an extinguisher. The 
first approach to this problem is obviously 
public education, emphasis upon the im- 
portance of purchasing standard approved 
extinguishers rather than small, cheap gad- 
gets which are called extinguishers but 
which have very limited value, upon 
proper maintenance, and particularly upon 
the fact that the first thing to do in case of 
fire is to call the fire department, even 
though you do have an extinguisher in 
your home. 


There is still no all-purpose extin- 
guisher for all classes of fires. Confusion 
continues, lives are lost, and much prop- 
erty is destroyed, because laymen try to use 
a Class B extinguisher on a Class A fire, 
for example. There have been groping 
attempts to meet this problem by using dif- 
ferent color designations for different 
classes of extinguishers, but at best such 
efforts can be successful only in situations 
such as industrial plants where all the oc- 
cupants of the building can be given in- 
struction as to the significance of the colors. 
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This catalog of fire problems could be 
continued to great lengths, but the items 
cited above are perhaps sufficient to call at- 
tention to the kind of problems that con- 
front us in 1952. We cannot expect to 
solve them all during the year. They are, 
however, matters which we should all 
think about and if all the members of the 
National Fire Protection Association, in- 
dividually and collectively, will consider 
these problems and do their part towards 
meeting them we can feel certain that by 
the end of the year at least some progress 
will have been made. 





NFPA Standards A Bar Against Communism 


By Thomas M. Torrey 
Chairman, NFPA Committee on Marine Fire Protection 


During the first two and one-half years 
of World War II, I had a chance to watch 
first-hand Government bureaucracy in 
operation when I was loaned by the Insur- 
ance Company of North America to help 
the War Shipping Administration to set up 
its war risk insurance office. There were 
some of the finest minds in the maritime 
industry in that organization beating their 
brains out trying to do a real job, and I am 
here to tell you they did it in spite of the 
most appalling internecine wrangling, 
petty back-biting, useless red tape and 
political greed imaginable! I came away 
from that experience with the firm convic- 
tion that short of actual war, government 
interference in any commercial enterprise 
can only lead to stultification and ulti- 
mately to socialization, and then the final 
step — communism. 

We have been for twenty years in an era 
of increasing government encroachment on 
ptivate enterprise. This interference can- 
not always be avoided, but its effect can be 
lessened, if not ultimately made unneces- 
sary in certain fields, by self-regulation of 
the enlightened kind. 


Self Regulation Best 

The theory of self-regulation is nothing 
new — it boils down in last analysis to 
nothing more than self-discipline among 
individuals. The need for governmental 
regulation comes when human relations 
fail or, in another sense, company, corpo- 
rate or industry relations fail either among 
each other or, more importantly, fail in 
their responsibilities to the individual citi- 


zen. When you step into the international 
field, which the marine industry touches 
daily, the problem is so complex that per- 
haps some interjection of government reg- 
ulation is necessary — different ethics, dif- 
ferent standards of living all play a part. 

Obviously some government regulation 
is necessary, otherwise why the need of our 
Constitution or Bill of Rights? The essen- 
tial factor is to keep government at an irre- 
ducible minimum and allow the fullest 
play to individual enterprise. I am con- 
vinced that the most efficacious means of 
doing this is so to regulate yourself — that 
is, your industry — that anything short of 
arbitrary action by government is largely 
unnecessary. 

Let us admit for the moment that the 
need for discipline or self-regulation is 
wise. Such a course of action does not im- 
ply by any means that you have to be afraid 
of your shadow. There are plenty of ex- 
amples where just such practices have been 
followed successfully for years. I can think 
of several examples — the flammable oil 
carriers in their relations with the Coast 
Guard — the port security set-up during 
the last war —the steamship lines that year 
after year build and maintain their ships 
on standards in excess of the so-called 
minimum standards. 

It is unfortunate that every time there is 
a disaster by fire at sea involving loss of 
human life a great hue and cry is set up 


Note: This article is a condensation of a talk 
by Mr. Torrey before the Portland, Oregon 
NFPA Regional Meeting, October 24-25, 1951. 
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which results in needlessly burdensome re- 
quirements being imposed on owners and 
operators. How much better it would be to 
have all this taken care of in advance — 
within the family so to speak—trather than 
devising better means of locking the barn 
door after the horse is stolen. 


NFPA Fits Into Picture 

All the talent and know-how needed to 
solve its present and future problems lies 
within the maritime industry. It is our 
hope that the NFPA Marine Committee 
will form the focal point for a concerted 
drive to develop and recommend improved 
methods, plans and all that goes toward 
making the incidence of fire as close to 
zero as human or mechanical failure will 
permit, but we want these to be develop- 
ments within the industry for the industry 
and the people they serve, because there is 
still no substitute for individual initiative. 


This hope is not impossible of accom- 
plishment. In fact, to a large extent the 
recommended practices of the old Marine 
Section of NFPA, which our committee 
has succeeded, have been adopted as in- 
tegral parts of current Federal legislation. 
Bedeviled as the marine industry is by 
Federal red tape, how much better off they 
are because there was in existence a source 
of sound and tested practices to serve as a 
guide when these laws were passed. 


Unfortunately, when so much of the past 
labors of the old Marine Section were ab- 
sorbed by the Government a period of 


inertia set in, and except for the Gas Haz- 
ards Committee, which is a joint commit- 
tee of NFPA and the American Bureau of 
Shipping, there was little real activity. Also 
in a large measure the lack of constructive 
work was due to the disruption of the war 
years, 


Three years ago we set up our present 
committee for four purposes: First, to sur- 
vey existing recommendations and elimi- 
nate duplication where suitable regulations 
were issued by official or quasi-govern- 
mental organizations. Second, to bring the 
remaining standards up-to-date in the light 
of the rapid technological developments 
during the war years. Third, to develop 
new recommended practices and standards 
for related branches of the maritime indus- 
try, thereby providing a real service and 
also filling certain obvious voids which 
might go by default under the administra- 
tion of some empire-building bureaucrat. 
And fourth, and by far the most important, 
to devise new and better means to pre- 
vent fire and its ensuing toll of lives and 
property, or, failing that, to control and 
confine its destructive powers. 

We have made fair progress. The recent 
publication by NFPA of its several stand- 
ards for marine fire protection is good evi- 
dence of this. There is much more still to 
be done. Our Marine Committee still has 
a large amount of work to do, but we in- 
tend to do that work by and with the co- 
operation of the industry for whom it is 
designed. 
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Fire Safety in Tank Truck Design 


By T. A. Burress, Manager, Tank Division 
The Heil Company 


The daily delivery of gasoline and fuel 
oil to the metropolitan consuming areas 
today is just as indispensable as the home 
delivery of milk. Because of the growing 
demand, petroleum transportation over the 
highway has grown tremendously over the 
past few years. In the four-year period 
from 1945 to 1949, over-the-road move- 
ment of petroleum has jumped from nine- 
teen million to thirty-seven million tons, 
an increase of 92%. The problem, there- 
fore, is not whether petroleum shall or 
shall not be transported over city streets, 
but how to do it with reasonable safety. 

To achieve reasonable fire safety, the 
National Fire Protection Association has 
had standards for tank trucks since 1929. 
The current edition (adopted in 1948, re- 
printed in 1950) is designated: ‘‘Recom- 
mended Regulatory Standard for Tank 
Vehicles for Flammable Liquids’ (NFPA 
No. 385) * and is widely used by the tank 
manufacturers for guidance in meeting rea- 
sonable safety for this equipment. How 
this is being done in practice is illustrated 
in this article. 

The design and maintenance of the tank 
vehicle itself is only one part of the overall 
problem. The traffic accident hazard, com- 
mon to all highway transportation, is a 
matter of major concern to tank truck 
operators. The actual accident record of 
tank trucks is better than that of trucks in 
general, presumably due to better equip- 
ment, better maintenance and greater care 


*Copies available from NFPA Executive 
Office (25 cents each, discount for quantity). 
See also National Fire Codes, Vol. I, 1951. 


in operation. Thanks to good design and 
maintenance, only a very small part of the 
total number of accidents involve fire to 
any major degree. 


Materials Used 

The NFPA standard is very specific in 
the authorized types of materials that may 
be used for cargo tanks, head, bulkhead 
and baffle sheets. Paragraph 212 states: 
“the minimum thicknesses of tank sheets 
shall be limited by the volume capacity of 
the tank expressed in terms of gallons per 
inch of length; and by the distance be. 
tween bulkheads, baffles or other shell 
stiffeners, as well as by the radius of shell 
curvature in case of shell sheets.’’ The 
standard then specifies minimum thickness 
of shell sheets, head, bulkhead and baffles 
whether made of hot rolled tank steel, of 
aluminum or of low alloy low carbon 
(high tensile) steel. 

Photo No. 1 shows a cut-away view of a 
modern transport tank with deep dished 
single and double bulkheads and baffles, 
properly spaced and reinforced to distrib. 
ute the load and stresses. 

“Every cargo tank, and every compart- 
ment over 90 inches in length, shall be 
provided with baffles” according to the 
NFPA recommendations. The number of 
baffles ‘‘shall be such that the linear dis- 
tance between any two adjacent baffles, or 
between any tank head or bulkhead and 
baffles nearest it, shall in no case exceed 60 
inches.” The baffles, shown in the cut- 
away view, are perforated transverse patti- 
tions to break the force of surging liquids 
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Photo No. |. Cut-away view of typical transport tank showing single and double bulk- 


heads and baffles. 


in a partially filled tank and also provide 
additional stiffeners to make the tank a 
self-supporting, beam-like structure. 


NFPA Standard No. 385 also provides 
that “cargo tanks with compartments car- 
rying flammable liquids of different classes 
shall be provided with an air space be- 
cween compartments and this air space 
shall be equipped and maintained with 
drainage facilities operative at all times.’’ 
The cut-away view shows a double bulk- 
head with such an air space which has a 
drain hole at the bottom, a vent hole at top. 


Compartmentation 
There have been many attempts to reg- 
ulate the capacity of tank trucks. After the 
Chicago street car disaster,* various agen- 
cies proposed restrictive legislation on tank 
truck capacity, the figure most usually ad- 
vanced being 3,000 gallons. 


The NFPA Committee on Flammable 
Liquids, in developing the Association 
standards, did not include any overall limut 
of capacity. Mr. Robert S. Moulton, NFPA 


Technical Secretary,* in writing on this 
problem, has explained the basis of the 
committee’s action; that small capacities 
mean more trucks, greater exposure to ac- 
cidents, and more trips per vehicle. Fur- 
thermore, the extent of hazard does not 
depend directly on the quantity of gaso- 
line. A hundred gallons of gasoline spilled 
on a city street and ignited may have fatal 
results for all those in its direct path; a 
thousand gallons is not likely to cause ten 
times the loss, and ten thousand gallons, 
while obviously worse than a hundred, is 
clearly not one hundred times as dangerous. 

Current NFPA recommendations call 
for compartmentation, not to exceed 1200 
gallons per compartment (with 10% toler- 
ance), for trucks used in the distribution 
of over 1500 gallons of ‘Class A’’} flam- 
mable liquids to service stations and other 
premises to which the public is invited. 


*See NFPA ‘‘Fire News,” June 1950. 


tClass “A” 
70°F and a vapor pressure not exceeding 40 
pounds. - ° 


liquids have flash point below 
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Bulkheads or compartments are not re- 
quired in any cargo tank, regardless of 
total capacity, ‘which when loaded and 
transporting its cargo over streets and 
highways will contain not less than 80% 
of the total tank capacity and will dis- 
charge its entire contents at one unloading 
point, provided such cargo tank is not used 
for the delivery of flammable liquids to 
service stations or other premises to which 
the public is invited.” 


Cargo Tank Testing 

As for every fabricated container de- 
signed to hold liquids or gases subject to 
pressure increases under various conditions 
of usage, tests are necessary to determine 
that all joints are leakproof and capable of 
withstanding predesignated pressures. The 
NFPA Standard calls for tests of every 
cargo tank by ‘a minimum air or hydro- 
static pressure of three pounds per square 
inch applied to each compartment, or to 
the whole tank if it be not divided into 
compartments.” This pressure test must be 
maintained for at least five minutes during 
which joints are inspected for leakage. 

Many manufacturers go beyond these 
conventional tests. Photo No. 2 shows 
equipment used by The Heil Company for 
recording stresses placed on the tank under 
various loads and conditions of service 
while Photo No. 3 shows a tank truck 
undergoing field trials. 


Photo No. 2. Strain gauge testing. 
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Photo No. 3. Road trials. Stress gauges are 
mounted in enclosure on top of tank. 


Vents and Emergency Controls 

Structural strength, alone, is not sufh- 
cient. We must be able to load, unload 
and safely take care of both the pressures 
and the vacuum conditions created in the 
tanks under both normal and abnormal 
conditions. 

Manholes, used for inlets for filling and 
access for cleaning, are also provided and 
designed to include a vent which allows an 
influx of air to relieve the vacuum caused 
in unloading and to relieve pressure caused 
by expansion of the product on a hot day 
or in case of fire. The typical manhole 
cover shown in Photo No. 4 has a built-in 
pressure and vacuum relief vent illustrated 
in detail in Photo No. 5. 

The NFPA recommendations on vents 
are detailed in paragraph 281 of Pamphlet 
No. 385. In this reference, it states that if 
“the emergency venting facility operates in 
response to elevated temperatures, the crit- 
ical temperature for such operation shall 
not exceed 200°F. Photo No. 6 shows a 
typical fusible plug (160°F solder) de- 
signed to allow expanding gas to escape as 
vapor without danger of tank explosion. It 
incorporates, also, a ‘‘fire screen’”’ at the 
base of the plug to guard against flame 
entry into the tank as the pressure subsides. 
The capacity and number of plugs is deter- 
mined by the sizes of the compartments. 

“Each cargo tank or compartment used 
for transportation of Class ‘A’ flammable 
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Photo No. 4. Typical manhole provides inlets for filling and access for cleaning plus 
pressure and vacuum relief vent. 
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Photo No. 5. Detail of manhole vent shows how pressure and vacuum relief is secured and 
how spillage is prevented. 
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Circumference of 
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Monel Fire Screen 


Photo No. 6. Fusible plug and "fire screen" 
installed in each tank compartment. 


liquids,” says NFPA Standard 385, par. 
301, “shall be equipped with a reliable and 
efficient shut-off valve located inside the 
shell in the outlet; or in the sump when it 


A 


is an integral part of the shell; and so de- 
signed that the valve must be kept closed 
except during loading and unloading oper- 
ations.” Par. 304 goes on to say “in every 
case there shall be provided, between the 
shut-off valve seat and discharge faucet, a 
shear section which will break under strain 
unless the discharge piping is so arranged 
as to afford the same protection and leave 
the shut-off valve seat intact.” These de- 
sign features are illustrated in Photo No. 7. 


The purpose of this construction is to 
keep the product within the compartments 
and out of the pipe lines, except during 
unloading, and to prevent the cargo from 


Photo No. 7. Shut-off valve located inside tank shell with shear section to leave valve shut 


if discharge faucet breaks. 
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spilling or discharging on the street in 
event of undue stress to the pipe lines. 

There is always the chance that an acci- 
dent or fire might occur during delivery 
operations and, for that reason, NFPA 
Standard No. 385, asks, in par. 302, for a 
secondary control on the valve operating 
mechanism remote from the fill openings 
and discharge faucets. In practice, this re- 
mote control is usually located at the front 
of the tank on the opposite side from the 
discharge manifold. The so called ‘‘Heil- 
Warren” air operated emergency valve sys- 
tem (see Photo No. 8) is one type found 
on petroleum tank trucks with which fire 
fighters should be familiar. Other types 
of valves may be mechanically or hydrau- 
lically operated but all function essentially 
alike. 

In addition to these provisions, ‘the 
control mechanism shall be provided with 
a fusible section which will cause valves to 
close automatically in case of fire.” 


Protection Against Intermixing 


The provisions of the NFPA Standard 
on intermixing of flammable liquids are 
usually met in practice by having duplicate 
pipe lines, separate manifolds, meters and 
pumps. Photo No. 9 shows a spilt mani- 
fold system while No. 10 shows two meter 
installations on a truck designed to carry 
two different petroleum products. This 
avoids the necessity of flushing meters to 
eliminate Class ““A’’ flammable liquids if 
the same meter had to be used to dispense 
Class ‘‘B.”” Photo No. 11 shows a bottom 
view of a typical transport tank illustrating 
the arrangement of the emergency valves, 
pipe lines and manifolds. 


Other Safeguards 


Other major design safeguards in the 
NFPA Standard No. 385 include: 
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Photo No. 8. Typical air operated emer- 
gency valve system. 


DUAL CHECK 
VALVES 


Photo No. 9. Split manifold to prevent in- 
termixing. 


Photo No. 10. Twin meter installation for 
dual purpose transports. 


(1) Bonding of cargo tanks and the 
vehicle chassis to assure that there can be 
no difference of static potential on adjacent 
metallic surfaces. Provision is also made 
for the bonding of the vehicle and the fill 
Pipe prior to each filling of the tank. The 
use of “dra chains,” previously required, 
has been eliminated as they are now con- 
sidered both inefficient and unnecessary. 
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Photo No. I!. Bottom view of a "semi" showing emergency valves, pipe lines and manifolds. 
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(2) Protection of draw-off valves or 
faucets projecting beyond the frame at the 
rear of the tank vehicle by bumpers and 
similar means. 

(3) Proper construction of vehicle fuel 
tanks, fuel-feed systems, exhaust systems 
and lighting circuits. 

(4) Secure attachment of full and semi- 
trailers to their tractors and adequate pro- 
visions for controlling and braking of such 
trailers. 

(5) Recommendations on the construc- 
tion and arrangement of auxiliary internal 
combustion engines and auxiliary electric 
generators and motors. 

The provision of suitable fire extin- 
guishers and recommendations on the 
proper operation of tank trucks are also in- 
cluded in NFPA No. 385. 


Other Factors 


Reputable manufacturers of petroleum 


tank vehicles are doing their utmost to 
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meet these design safety requirements in 
the interest of the general public. Mainte- 
nance of the tankers is the responsibility of 
fleet operators and while the safety record 
is good, constant attention must be given 
to this phase of the problem as well as to 
the progressive education of drivers in safe 
driving habits. Much can be done by fire 
officials working with police and the truck- 
ing industry in routing trucks through 
cities on streets having low accident poten- 
tial and low fire exposure hazard. In work- 
ing out such solutions, however, safety 
officials should be ever mindful of the 
needs of the community for petroleum dis- 
tribution so that their recommendations 
will be practical and workable and in the 
public’s interest. Fire officials would also 
do well to instruct their personnel in the 
design safeguards provided on tank vehi- 
cles for flammable liquids and it is princi- 
pally for this reason that this article has 
been prepared for the NFPA Quarterly. 





NFPA QUARTERLY — JANUARY 1952 


Acme Photo 


Leak at bulkhead between compartments of this tank truck caused this fire in Old 
Augusta, Ind. on Mar. 31, 1949. Fire spread to four dwellings. Improper vehicle maintenance 
is shown by this fire record to be the principal cause of tank truck fires on U. S. highways. 





Gasoline Tank Truck Fire Record 


The foregoing article describes the fire 
safety designs of the modern, properly con- 
structed petroleum tank truck. As every- 
one knows, fire accidents do occur. This 
brief gasoline tank truck fire record pre- 
pared from a representative sample of cases 
in NFPA files for the period 1946-1951 is 
offered to illustrate the principal factors. 


Improper Vehicle Maintenance 

Our analysis here includes 40 cases. Ten 
of the 40 accidents, the greatest propor- 
tion, may be basically assigned to improper 
vehicle maintenance. Perhaps included in 
this broad category are some design weak- 
nesses which cannot be positively identified 
as such with the information available to 
the NFPA. Air brake failures, trailer 
breakaways, broken axles, etc. may reflect 
improper design of such features but are 
assigned to poor maintenance on the 
assumption that construction was original- 
ly adequate. None of the trucks sustain- 
ing such experience was new when the 
accidents occurred and there is no pattern 
of failures to indicate specific recurrent 
weaknesses. 


No. |. June 24, 1948, New York, N. Y., Tank 
Semi-Trailer: Fire in pump compartment during 
fueling of aircraft caused by separation of a slip 
type compression coupling in a three-inch gaso- 
line line below the right meter. Capacity of 
tank, 4,000 gallons. The fire was controlled by 
the airport fire department using fog foam and 
by airport ramp personnel using carbon dioxide. 


No.2. July 7, 1948, Little Rock, Ark., Tank Truck: 
Explosion in pump compartment during inspec- 
tion. Gasoline vapors accumulated in compart- 
ment from leaks around pump packings. Ca- 
pacity of tank, 2,000 gallons. Ignition source be- 


lieved exhaust spark as the exhaust vented in- 
side the compartment. Fire extinguished by 
COz extinguishers. 


No. 3. March 31, 1949, Old Augusta, Ind., Tank 
Full-Trailer: Driver discovered truck burning 
while going down residential street at 30 MPH. 
Apparent cause was leak at bulkhead between 
compartments with ignition source either static 
spark or exhaust from engine. Fire spread to 
four houses and telephone wires. 5,000 gallons 
of gasoline involved. Driver could not control 
with hand extinguishers. Local fire department 
could not extinguish. Loss estimated at $25,600. 


No. 4. April 13, 1949, Near Castaic, Calif., Tank 
Semi-Trailer: Brake failure at the top of a five- 
mile grade resulted in loss of driver control of 
a 4,000-gallon tank truck which crashed and 
burned. No fire fighting due to location. 2 per- 
sons killed. 


No.5. Oct. 26, 1949. Oakland, Illinois, iank 
Full-Trailer: Vehicle proceeding at 30 MPH 
when driver felt a sudden jerk. Looking back 
he Saw full-trailer had gone over on its side and 
was burning. 


No. 6. June |, 1950. Ypsilanti, Michigan, Tank 
Semi- and Full-Trailer: Fire originated in rear 
trailer when right axle broke and trailer tipped 
on side. Ignition presumed from sparks caused 
by scraping on pavement. About 2,700 gallons 
of the 4,200 gallons in the rear trailer were con- 
sumed by the fire but the semi-trailer with 4,500 
gallons aboard was not involved despite serious 
fire exposure. Flames damaged exposed build- 
ing and burning fuel entered sewer catch basin. 
Fire department protected exposures and cooled 
tank with water fog and solid hose streams. 
Loss estimated at $10,000. 


No.7. June 15, 1950. Northlake, Illinois, Tank 
Full-Trailer (Double): Rear of two trailers broke 
loose and tipped over. Gasoline released from 
three-inch slit on right side of 4,000-gallon tank 
caused by impact with concrete curb. Firemen 
washed. unburned gasoline down sewer not 
realizing sewer emptied into a creek which 
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Acme Photo 


Driver was going 30 MPH down highway in Oakland, Ill., Oct. 26, 1949 when he felt a 
sudden jerk and the full trailer overturned. 


Acme Photo 


Rear axle failure in city streets of Ypsilanti, Mich. caused rear trailer to tip-over. While 
2,700 gallons of gasoline burned, semi-trailer was not involved. 





GASOLINE TANK TRUCK FIRE RECORD 


Maurice Herbert-Newburg-Beacon News 


U. S. Air Force crash crew responded to this tank truck fire near Newburg, N. Y., on June 
29, 1950 and extinguished fire with water fog. 


John S. Savage 

Air brake failure caused tank truck to crash into building at bottom of down grade in 
Omaha, Neb., May 31, 1951. Tractor fuel tank ruptured at impact and fire spread to gaso- 
line in two compartments of trailer, also ruptured by collision. 
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Acme Photo 


Another air brake failure caused this tip-over in Excelsior, Minn., on Aug. 16, 1951. 


passed under State Highway one mile from acci- 
dent site. Fire started at bridge (presumably 
from a lighted match thrown into the creek) 
and flashed along creek for 1 mile. Firemen 
used high pressure water fog to prevent spread 
of fire to exposed properties. Loss estimated at 
$30,000. 


No.8. June 29, 1950. Newburg, N. Y., Tank 
Full-Trailer: Fire originated at tractor fuel tank 
(95-gallon capacity) and first involved cab. 
Flames spread to trailer (6,000-gallon capacity) 
and approximately 500 gallons were consumed 
by resultant fire. Fire extinguished by airport 
crash trucks using high pressure water fog from 
two turrets and five hand lines of crash truck. 
Loss estimated at $10,590. 


No.9. May 31, 1951. Omaha, Nebraska, Tank 
Semi-Trailer: Truck going down grade to a “T” 
intersection sustained air brake failure and 
crashed into building. Fire resulted as gasoline 
spilled from ruptured tractor fuel tank and 
spread to 2,700 gallons of gasoline in two com- 
partments of the trailer tank which were frac- 
tured at the impact. Driver was killed by the 
ensuing fire. Fire spread to building and parked 
autos in vicinity. City fire department used 


foam on tank-truck with water fog and straight 
streams on buildings and 17 vehicles. Loss 
estimated at $173,000. 


No. 10. Aug. 16, 1951. Excelsior, Minn., Tank 
Full-Trailer: Driver unable to brake tractor- 
trailer on slight down-grade curve and vehicle 
turned over. Fire started in tractor and spread 
to gasoline released from 7,000-gallon capacity 
trailer. Driver may have been killed by impact 
but body consumed by fire. Gasoline spilled 
down grade to and through a culvert. Fire de- 
partment traveled 3 miles to scene and used 
foam to extinguish fire. 


Driver Operational Error 

Driver operational error was responsible 
for nine of the accidents. Compared with 
the exposure factor, the fact that only nine 
of the 40 accidents, picked at random, were 
driver errors would indicate a rather supe- 
rior degree of driver training by petroleum 
haulers, yet it does, at the same time, em- 
phasize the importance of this phase of the 
tank truck safety problem. 
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No. 1. July 21, 1946. Oconomowoc, Wisc., 
Tank Semi-Trailer: Truck seen weaving down 
highway, hit curb and rolled over to an upside- 
down position in the center of the street. About 
4,200 gallons of gasoline spilled and burned 
over 350 feet of highway. Driver had been 
refused license due to epileptic affliction and 
was operating truck illegally. Fire department 
confined spread of fire to telephone poles, pro- 
tecting exposed houses and railroad box cars. 


No.2. Nov. 29, 1946. Devil's Slide, Utah, Tank 
Full-Trailer: Tank trailer jack-knifed in railroad 
underpass, caught fire and caused extensive 
damage to steel work and railroad rails, halting 
rail travel over the main line of the Union 
Pacific for 10-12 hours. Tank capacity of 6,400 
gallons burned. Loss estimated at $60,000. 


No. 13. Feb. 6, 1947. Washougal, Wash., Tank 
Semi-Trailer and Tank Full-Trailer: A triple colli- 
sion involving two tank trucks and a hay wagon 
in the middle of a 220-foot unprotected steel 
highway bridge caused a fire which ultimately 
collapsed the bridge. A total of 9,000 gallons 
of gasoline burned. No fire fighting due to 
location of fire. Loss estimated at $276,000. 


Smith Studio 
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No. 14. Aug. 5, 1947. Waxahachie, Tex., Tank 
Semi-Trailer: Tank truck rounded curve and 
pulled over on left side of highway striking 
head-on a 1%%-ton truck carrying 18 persons. 
Saddle tank of tractor ruptured by impact and 
fire spread to 4,000-gallon tank trailer. Nine- 
teen persons killed; loss set at $11,700. 


No. 15. Sept., 9, 1947. Mountainside, N. J., 
Tank Full-Trailer: Trailer (4,500-gallon capacity) 
broke away from the tractor when the truck 
mounted the curb on a curve. The trailer struck 
a middle-of-the-highway island and ruptured. 
Gasoline released flowed down gutters on both 
sides of the street in flames and fire caused ex- 
tensive damage to a service station and three 
houses. Four fire departments fought the fire 
with water fog and foam, extinguishing the 
blaze in 1% hours. Loss estimated at $30,000. 


No. 16. June 25, 1948. Edwardsville, Ill., Tank 
Truck: Overturn of gasoline tank truck going 
through village resulted in fire which ignited 
four exposed dwellings. Truck driver trapped 
in cab and fatally burned. Estimated 8,000 gal- 
lons of gasoline involved in fire. Fire depart- 
ment could only cool tanks, extinguish fires in 


Unlicensed driver subject to epileptic fits upset this semi-trailer in Oconomowoc, Wisc., 


July 21, 1946. : 
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Press Association 
Tank truck driver swerved without obvious reason to left-hand side of highway near 


Waxahachie, Tex., Aug. 5, 1947, striking a 1'/2-ton truck carrying 18 workers, all of whom 
were killed. 


Acme Photo 


Driver apparently lost control on curve. Trailer (4,500-gal. capacity) upset and ruptured 
on island in center of street at Mountainside, N. J., Sept., 7, 1947. 
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"8 

San 
Acme Photo 

Speeding tank truck upset on highway near Barrington Twp., Ill., Oct. 9, 1950, as driver 
misjudged intentions of another driver preparing to turn left from the opposite lane. 


— wy 


Acme Photo 


Failure to control this semi-trailer on a curve resulted in this fire in the mountains near 
Bloomingburg, N. Y., last June 2. 
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dwellings and flush gasoline into street catch 
basins. Loss estimated at $2,550. 


No. 17. July 14, 1949. Near Wheelersburg, 
Ohio, Tank Full-Trailer: At 1:45 a.m. the 5,800- 
gallon tank truck crashed into a utility pole on 
Route 52. By the time the nearest fire depart- 
ment could reach the scene the truck was heavi- 
ly involved. No spillage occurred. About 
3,300 gallons of the total 5,800 were consumed 
by the fire. Hose streams turned to steam on 
the hot metal tank but fire was eventually extin- 
guished. The driver was killed and the loss 
estimated at $8,000. 


No. 18. Oct. 9, 1950. Barrington Twp., Ill., Tank 
Semi-Trailer: The driver of a 6,000-gallon tank 
truck tanker traveling at excessive speed mis- 
judged the intentions of a small truck which had 
stopped at an intersection before making a left 
turn. The tank truck driver attempted to pass the 
smaller truck on the wrong side but because of 
his speed was unable to do so and crashed 
head-on into the stopped truck. The trailer 
overrode the tractor, puncturing the forward 
gasoline compartment and overturned. 6,000 
gallons of gasoline made a pyre out of both 
trucks, cremating the drivers of each. Fire- 
fighters had no water to fight the fire. 


Wide World Photos 


In Hammond, Ind., on Sept. 2, 1948, a speeding passenger car crashed this gasoline 
semi-trailer. Fire department extinguished fire with COz after cooling tank with hose streams. 
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No. 19. June 2, 1951. Near Bloomingburg, N. Y., 
Tank Semi-Trailer: Truck jack-knifed and caught 
fire while rounding a curve on mountainous 
Route 17. No fire fighting due to location. 


Other Drivers 

Other drivers, that ‘‘other fellow’ on 
the road, were clearly responsible for 7 of 
the accidents. What the transport tank 
manufacturers and operators can do about 
such cases is not clear. There is not much 
defense against speeding vehicles or trolley 
cars crashing into and rupturing tanks ex- 
cept that which can be accomplished by 
the material strength of the tank shell and 
proper tank vent protection against in- 
ternal explosion. There is, of course, a 
practical limit to the shock resistance of 
structural members. It is significant that in 
this entire record there were only two tank 
explosions (one with tank practically 
empty) despite severe fire exposure to the 
vehicles involved in the majority of cases. 
This fact indicates design adequacy. 
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Wide World Photos 


Tank truck driver forced off road by another car crashed into stone wall in Adrian, Mich., 
June |, 1950. Fire originated in tractor tank, spread to fuel leaking from trailer domes. 


Steen ey : 
Wide World Photos 


Another driver failed to stop at a highway intersection and collided with this tanker in 
Tracy, Calif., Oct. 17, 1951. 
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No. 20. Sept. 2, 1948. Hammond, Ind., Tank 
Semi-Trailer: A speeding passenger car smashed 
into a gasoline tank truck, causing a serious fire 
involving about 2,000 gallons of gasoline. The 
fire department cooled tank with water and 
extinguished the fire with 2 tons of low-pressure 
carbon dioxide available on special fire rig. 


No. 21. Sept. 16, 1949. Chantilly, Va., Tank 
Full-Trailer: Head-on collision between gasoline 
tractor-trailer (5,500 gallons capacity) and 
tractor-trailer hauling empty oxygen cylinders 
on narrow bridge. Fire spread to two other 
automobiles. Drivers of both trucks trapped 
and burned to death in cab. Five fire trucks 
from three volunteer fire departments re- 
sponded and extinguished the fire in two hours. 
Loss estimated at $30,000. 


No. 22. Jan 27, 1950. Cambridge, Mass., Tank 
Semi-Trailer: Speeding passenger car (being 
chased by police) smashed into trailer, causing 
tank rupture. 250 gallons of the 2,500-gallon 
tank burned, the fire occurring at impact. Fire 
department used water fog with excellent re- 
sults. Three were killed and loss estimated at 


$4,500. 


No. 23. May 25, 1950. Chicago, Ill., Tank Full- 
Trailer: Trolley car struck tank truck, rup- 
turing fuel supply tank of tractor (40-gallon 
capacity). Rear of tractor frame ripped open 
the bottom of the semi-trailer, releasing 4,000 
gallons of gasoline. Second bottom not in- 
volved despite serious fire exposure. Thirty-two 
passengers were trapped in trolley and died in 
ensuing fire as exits jammed. Fifty others were 
injured. Fire spread to buildings and automo- 
biles along street. (See NFPA Fire News, June 
1950 for complete details. ) 


No. 24. June I, 1950. Adrian, Michigan, Tractor 
Semi-Trailer: Truck struck stone wall after at- 
tempting to avoid hitting car and house. Believe 
fuel tanks on tractor ruptured and caused fire 
which spread to fuel which leaked from tank 
dome covers. About 2,500 gallons of 4,100 
gallons aboard consumed in flames. Fire de- 
partment controlled blaze after spilled fuel had 
burned out. One person killed and damage 
estimated at $14,600. 


No. 25. Sept., 7, 1950. Kankakee, lil., Tank Full- 
Trailer (Double): Truck proceeding down city 
street when tanker overturned and fire resulted 
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after it struck a car which had turned in front 
of the truck. Fire extended 300 feet along street 
and involved a foundry building, a gasoline 
station and two parked cars. Fire fighters used 
fog and foam to control blaze and restricted 
damage effectively. Loss estimated at $30,000. 


No. 26. Oct. 17, 1951. Tracy, Calif., Tank Full- 
Trailer (Deuble): Tank truck in collision with 
another truck at an intersection when the driver 
of the latter failed to stop at a stop sign before 
entering a main highway. One driver was killed. 


Railroad Grade Crossings 

Railroad grade crossings were respon- 
sible for five of the accidents reported here- 
in. Whether the train hit the truck or the 
truck the train is an academic question in- 
sofar as fire experience is concerned but 
the disastrous effects of such accidents 
makes it very important that petroleum 
haulers exercise firm control over drivers 
requiring them to stop at all railroad cross- 
ings and to actually LOOK and LISTEN. 
There have been cases where the driver 
but 


stopped, _perfunctorily, 
without the necessary caution. 


proceeded 


No. 27. Feb. 4, 1947. Kingsburg, Calif., Tank 
Full-Trailer: The driver of the fuel truck failed 
to come to a stop at a grade crossing and a 
steam locomotive traveling 43 MPH struck the 
7,100-gallon trailer, showering the streamlined 
passenger cars with gasoline. 4 persons were 
killed and 115 passengers and 14 train service 
employees injured. Losses estimated at $225,000, 
excluding personal liability. 


No. 28. Sept. 20, 1949. Port Carbon, Pa., Tank 
Semi-Trailer: Collision at grade crossing be- 
tween 4,500-gallon tank truck and train. Fire 
spread to railroad baggage car, a near-by garage 
and a parked auto. The truck driver was fatally 
burned and four cthers received non-fatal but 
serious burns. Four fire companies responded 
to the alarm but it took 2 hours to control the 
blaze. 


No. 29. May 24, 1950. Albany, N. Y., Tank Full- 
Trailer: The truck was struck by a railroad 
switch engine at the rear compartment, crushing 
the tank and causing a spill. Fire did not occur 
until about 10 minutes after the fire department 
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Press Association, Inc. 


One of the worst railroad crossing accidents of all time. Four were killed and 129 injured 
when fuel tank truck failed to stop at crossing in Kingsburg, Calif., Feb. 4, 1947. 
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Wide World Photos 


The Longview, Tex. fire department used high and low pressure fog to confine this grade 
crossing accident on Oct. 30, 1950. Crossing accidents, such as this, emphasize the importance 
of driver training. There is rarely a valid excuse for such collisions. Fire frequency is heightened 


by the presence of multiple ignition source. 


arrived when the vapors ignited at a stove in a 
railroad shanty. About 2,000 of the 5,700 gal- 
lons in the tank truck were consumed in the 
ensuing fire. The fire was fought with water 
fog and foam. 


No. 30. Oct. 30, 1950. Longview, Texas, Tank 
Semi-Trailer: Locomotive and tank truck collided 
on grade crossing.. Train hit about half way 
back on tank. Fire originated in fuel spill, 
ignition ‘source possibly locomotive fire box. 
5,200 gallons in tank consumed by fire. Fire 
department used high and low pressure fog to 
retain fire to small area. Loss estimated at 
$4,000. 


No. 31. Nov. 30, 1951. Near Kalamazoo, Mich., 
Tank Full-Trailer (Double): A tank truck stopped 
at a railroad crossing then proceeded across 
tracks. A diesel powered passenger train collided 
with rear trailer and ruptured front tank. Train 
traveled through flames. 7,790 gallons of gaso- 
line in tank truck burned. Fire department 
used water fog and secured good results on 
spill and railroad equipment but not on tank 
truck till gasoline nearly consumed. Loss esti- 
mated at $60,900. 


Loading and Unloading 

Loading and unloading operations in- 
troduce hazards incident to the handling of 
flammable liquids necessitating specialized 
fire safety precautions. Constant vigilance 
is needed to guard against leaks in valves, 
pumps or lines. Steady attention must be 
given to proper bonding to control static 
charges. Because the release of flammable 
vapors to the atmosphere is practically un- 
avoidable, each operation should be pro- 
ceeded by a check of other possible igni- 
tion sources (i.e., open flames, electrical 
arcs, etc.). It takes education and reeduca- 
tion, training and refresher courses and, in 
addition, a constant battle must be waged 
against the contempt bred of familiarity 
with the hazards. 


No. 32. Oct. 3, 1947. Canton, Ohio, Tank Truck: 
Truck delivering gasoline to underground ser- 
vice station tanks when flames were seen at the 
valve compartment. Driver operated emergency 





NFPA QUARTERLY — JANUARY 1952 


Acme Photo 


Failure to properly guard against static is presumed cause of this fire at loading dock in 
bulk plant at Kingston Mines, Ill., Dec. 4, 1951. 
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Wide World Photos 


Spillage from an overloaded full trailer which was on a main street in Detroit on July |, 
1948, caused this $20,000 fire despite very efficient fire department extinguishment with foam. 





valve 
burni 
Fuel 
not d 


No. 3 
Full-1 
fuel 

wher 
ignite 
wher 
Quic 
wate 
No. 3 
Traile 
the « 
truck 
Orig 
ignit 
20,06 
also 

to cc 


mate 


No. : 
Semi 
dock 
have 
static 
fire | 
whet 
Four 
hand 
tor V 


ing 
tank 


ove 
prac 
age 
ove: 
grea 
wou 
ple 
of | 
lew 
fire 
eacl 


GASOLINE TANK TRUCK FIRE RECORD 


valve to stop flow. Fuel spilled into street and 
burning gasoline entered sewer catch basin. 
Fuel leaks found in valves, but ignition source 
not determined. 


No. 33. Nov. 26, 1948. Long Beach, Calif., Tank 
Full-Trailer: Tank truck in bulk plant pumping 
fuel into underground tanks. Fire occurred 
when vapors, escaping from hooded tank vents 
ignited at office heater. Trailer tank ruptured 
when vapor in trailer tank ignited explosively. 
Quick fire department control was secured with 


water fog and foam. 
i 


No. 34. Sept. 26, 1949. Flint, Mich., Tank Full- | 
Trailer (Double): Fire and explosion just before | 
the double bottom 10,000-gallon capacity tank | 
truck completed unloading at bulk station. | 
Origin of fire in pump section of truck with 
ignition of vapors presumed from exhaust. A \ 


20,000-gallon above-ground tank at bulk plant | 
} in motion. Fire department believes ignition of 


also involved. Seven 2%4-inch hose lines used 
to control spread of fire by cooling. Loss esti- / 
mated at $20,850. 


No. 35. Dec. 4, 1951. Kingston Mines, Ill., Tank 
Semi-Trailer: Fire occurred during loading at 
dock. Exact cause not known but believed to 
have been from failure to properly guard against 
static electricity. Tank truck destroyed and 
fire fed by gasoline bleeding from supply tank 
when shut-off valve did not work properly. 
Four fire departments responded but were 
handicapped by lack of water. A foam genera- 
tor was used and firemen succeeded in prevent- 
ing spread to several near-by 1,000,000-gallon 
tanks of gasoline. Loss is estimated at $100,000. 


Overloading 

Then there is the overloading hazard, 
overloading the tanks of the trucks. Good 
practices are well established for tank “‘out- 
age” but this phase of safety seems to be 
overlooked for the dubious benefits of 
greater capacity in more cases than we 
would have imagined, based on this sam- 
ple of fire record experience. The control 
of this hazard is strictly up to the petro- 
leum hauler as there is no practical way for 
fire officials to supervise the loading of 
each vehicle. 


217 


No. 36. Nov. 19, 1946. Peabody, Mass., Tank 
Semi-Trailer: Trailer tank (3,500-gallon capaci- 
ty) was overloaded at bulk station. Gasoline 
slopped into overflow trough on top of tank 
and spilled down to exhaust pipe of tractor as 
vehicle proceeded on public highway down- 
grade. A flash fire occurred at tank vent. Fire 
extinguished after 2 hours. 


No. 37. July 17, 1947. Waukegan, Illinois, Tank 
Truck: Overflow of 4,000 gallons gasoline tank 
truck caused spill as truck was proceeding up a 
grade. Spilled fuel ignited, possibly from 
static charge, leaving trail of fire behind truck. 
Severe exposure hazard to hotel, warehouse and 
parked cars. Fire department used hose lines 
to cool burning truck and protect exposures. 


No. 38. July 1, 1948. Detroit, Michigan, Tank 
Semi- and Full-Trailer: Fire noted first under 
portion of chassis of rear trailer while vehicle 


spillage from overload by spark from static 
drag chain. (Drag chains now not recom- 
mended for static protection.) Fire spread 
over both trailers, 4 wood dwellings and two 
parked cars. Fire involved about 2,500 gallons 
of the 10,000 gallons in the trailers. 


No. 39. Sept. 28, 1948. Boston, Mass., Tank- 
Semi-Trailer: Tanker at fuel loading rack at 
airport. Tank (capacity 4,600 gallons) was 
overfilled and fuel overflowed, vaporized and 
ignited at open flame flare marking construction 
work in vicinity. Fire damaged two fuel trucks. 
Airport and city equipment extinguished fire 
with COz and foam. 


Tragic Finale 


There is always a freak accident in every 
fire record and a tragic one is included here 
to serve as a warning of the type of un- 
thinkable accident that sometimes does 


occur. 


No. 40. Dec. 2, 1951. Middlesex, N. C., Tank 
Truck: A nearly empty tank truck was parked 
in the private yard of the operator. His children 
were playing on the truck and fired a cap pistol 
near one of vents causing an explosion which 
killed four children, three being the operator’s 
sons. 





British Fire Tests of Fibreboard 


Following World War II, the British 
government Department of Scientific and 
Industrial Research and the Fire Offices’ 
Committee, composed of the fire managers 
of British insurance companies, established 
a Joint Fire Research Organization. This 
organization took over the FOC testing 
station at Elstree in Hertfordshire and the 
government provided the technical staff. 
The organization is governed by a Fire Re- 
search Board of which the Rt. Hon. the 
Viscount Falmouth is chairman and which 
includes in its membership such persons as 
H. M. Smith, His Majesty’s Chief Inspec- 
tor of Fire Brigades, and W. H. Tuckey, 
Director of the Fire Offices’ Committee 
Fire Protection Association. Samuel H. 
Clarke is Director of Fire Research and in 
charge of the permanent research staff. 


Most of the data here presented are 
from ‘Fire Research 1950,” the annual re- 
port of the Fire Research Board. ‘Fire Re- 
search 1950” is a 64-page pamphlet pub- 
lished by H.M. Stationery Office (2 shil- 
lings, sixpence, available in the U. S. from 
British Information Services, 20 Rocke- 
feller Plaza, New York 20, N. Y., 65¢). 


The usual or “‘traditional’’ construction 
of English dwellings has been with solid 
brick outside walls, wood joist floors and 
roofs. Usually roofs have not been boarded, 
but slates or tiles were fastened to slats on 
the joists. The ceiling finish has been plas- 
ter on wood lath, while interior walls have 
usually been of brick or cinder concrete, 
finished with plaster. The use of wall- 
boards instead of plaster finish has been 
considered a departure from tradition. The 
Fire Research Organization has fire service 
statistics to show that, while fire frequency 


is no greater, damage per fire is running 
higher in the post-war non-traditional 
dwellings, than in either pre-war or post. 
war dwellings of traditional construction. 
An opportunity developed late in 1949 to 
make a large scale fire test on two dwell. 
ings. The principal departure from tradi. 
tional design was in the wall and ceiling 
finish. (Roofs were slate on wood slats on 
steel frames in the test houses.) The fol- 
lowing summary of the test results is as 
published in “Fire Research 1950,” and 
with illustrations from the report. Director 
Clarke kindly furnished the floor plans of 
the test dwellings and considerable addi. 
tional data. Captions and page references 
to diagrams are not verbatim, but other. 
wise the language of the published report 
is used, 


Details of Fire Tests 

The walls and ceilings of two houses 
were lined throughout with fibre insulat- 
ing board, and the partitions were also 
constructed of this material mounted on 
wooden studding. The second house dif. 
fered from the first in that an additional 
lining of 3g inch plasterboard covered the 
whole of the insulating board of the walls 
and ceilings. The living rooms and bed. 
rooms of both houses were fitted with 
“mock-up” furniture, and the combustible 
content due to carpets aad drapings was 
suitably represented. 

In the house lined with fibre insulating 
board, the fire, which was ignited in the 
living room, spread very rapidly. The 
whole room was involved within five min- 
utes, and the fire would have rendered 
escape from the first floor hazardous if not 
impossible within seven minutes. The first 
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SCALE 1\O FEET 


The layout of the houses is shown: two floors with open stairway and bedrooms on upper floor. 
Mock-up furniture is used in living room and combustibles are placed in bedrooms to give a loading 
of combustible material roughly proportional to loadings observed in lived-in dwellings. Time factors 
in fires could be varied by fire loading and ventilation. In U. S. and Canadian houses earlier ignition 
and faster flame spread on combustible surfaces could be expected where winter heating results in 
moisture content of furniture and wood of 5 or 6 percent and relative humidities 10 to 15 percent. 
Moisture content for furniture and wood in these tests was || percent, inside temperature 65 degrees 
Fahrenheit and relative humidity 40 percent. 
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Before fire. 


ate 
minutes. 


After 12 


After 6 minutes. 


After 19 minutes. 


GROWTH OF FIRE— UNCOVERED FIBREBOARD 

Progress of the fire in 1949 British full scale fire test of dwelling where interior wall, partition and 
ceiling surfaces were of fibre insulating board meeting British Standard No. 1142. The material had 
a density of 0.25 to 0.3 grams per cubic centimeter in sheets !/2 inch thick and 3!/2 by 8!/, feet. 
Boards available for the test were some of wood fibre, some of sugar cane fibre. Where in the two 
buildings each type was installed was not reported, the Research Station staff being satisfied that no 
differences between the specimens would be significant in relation to the conditions being studied. 
Sheets were nailed to wood studs and painted one coat of a sizing and two coats of an oil-bound 


water paint. 


floor collapsed within fifteen minutes, and 
the roof within nineteen minutes. By com- 
parison, the spread of fire in the plaster- 
board-lined house was much slower in its 
initial stages, some 23 minutes being taken 
by the fire to involve the whole of the 
downstairs room, escape being unlikely 
from the first floor room after 2614 min- 
utes. Thereafter the progress of events was 
nearly as rapid as in the house lined with 
fibre insulating board. Thus the extra layer 
of plasterboard was extremely useful in re- 
tarding the spread of fire but did not in- 


crease substantially the fire resistance of the 
structure once the fire had become estab. 
lished. Photographs of corresponding 
stages of progress of the fires are shown. 


Discussion of Test and Results 

The experimental arrangements ensured 
that as far as possible the initial stages of 
the fires were identical and did not depend 
on the peculiarities of the structure of the 
building; in practice, the igniting source 
may be too small to start a continuing fire 
in a plasterboard-lined room, where it 
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Before fire. 


After 32 minutes. 


After 24 minutes. 


After 40 minutes. 


GROWTH OF FIRE— PLASTERBOARD COVER 


Progress of the fire in 1949 British full scale fire test of dwelling where interior wall, partition 
and ceiling surfaces were a plasterboard over a fibre insulating board. The plasterboard was gypsum 
plaster between heavy paper facings conforming to British Standard No. 1230 with a total thickness of 
¥% inch. Wind velocity at time of these fires was about 5 miles per hour, outside temperature 40 
degrees Fahrenheit and outside relative humidity 85 percent. 


would do so with a fibre insulating board 
lining. The advantage would therefore be 
greater than indicated in these tests where 
it was arranged that a continuing fire 
would be started in each case. 


During the tests complete records of the 
temperature were made in each of the 
tooms; curves comparing the growth of the 
fire in the living rooms (the rooms in 
which the fire originated) of both houses 
with the standard time-temperature curve 
are shown. Measurements of the radiation 
from the burning buildings were made 
throughout the tests. 


The opportunity was taken to observe 
the changes in the composition of the 
atmosphere in two bedrooms in each of the 
houses. 

Analyses have been published of the 
atmospheres in enclosures in which a 
variety of combustibles have been burned 
under controlled conditions, but so far as 
is known there are no other records of full 
scale fires in which the variation of the 
composition of the atmosphere during the 
course of the fire has been observed con- 
tinuously; great caution would therefore be 
necessary in attempting to apply earlier 
laboratory results to actual conditions. 
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jFLASHOVER 
| FIBRE INSULATING 


¢__ FIBRE INSULATING 
BOARD COVERED 
WITH PLASTERBOARD 


FLASHOVER 


20 
TIME - MINUTES 


LIVING ROOM FIRES 
TIME-TEMPERATURE CURVES 


The observed time-temperature relationships 
of the fires in the living rooms of the two 
dwellings tested compared to the British 
Standard Time-Temperature Curve used for 
reference in fire testing work. This curve is sub- 
stantially the same as the curve sponsored 
jointly by the NFPA and testing agencies in 
the United States. 


30 


TEMPERATURE -F 


In the experiments, air was.drawn,contin. 
uously from the rooms and sampled every 
three minutes. Records were also made of 
the density of smoke in each of the rooms. 
In each house one bedroom had the door 
shut, while in the other room the door was 
left open. The results of the observations 
together with the temperature in the 
rooms are recorded graphicaliy. The com. 
position of the atmosphere changed con. 
tinuously from that typical of products of 
combustion to those of destructive distilla- 
tion as the fire developed. At first, the 
composition of the products approached 
that of a flue gas, being high in carbon 
dioxide and low in oxygen and combus. 
tible gases such as carbon monoxide and 
hydrogen. When the flashover stage was 
reached the composition changed rapidly, 
presumably because the oxygen supply 
could not keep pace with the supply of 
combustibles; the concentrations of carbon 
monoxide and other combustible gases in- 
creased, while those of carbon dioxide and 
oxygen decreased, and the rooms became 
smoke-logged. Times at which significant 
changes in smoke density and in the com- 
position of the atmosphere occurred are 
summarized in the table below. 


Conditions in Bedrooms in Burning Houses. 


Wall lining 


Insulating board 


Open 
Insulating board covered 
with plasterboard 


Closed 


Bedroom door 


Approximate times (minutes) at which rooms 
became uninhabitable on account of 


hot gases very dense smoke | toxic gases 





Protecting Closed Vessels Against Explosions* 


By E. W. Cousins and P. E. Cotton 


Factory Mutual Engineering Division 


If the maximum pressure is permitted 
to develop, it is not economical to build 
tanks or similar vessels to withstand with. 
out damage an internal explosion. The 
maximum pressure can be reduced by 
using rupture disks to relieve the explo- 
sion. Data supported by tests are presented 
to permit design of disks for various sizes 
and strengths of vessels for various gases 
and vapors. 


* * * * 


Many pieces of industrial equipment— 
mixers, churns, reactors, autoclaves—may 
unavoidably contain mixtures of combus- 
tible gas or vapors. These gases may cause 
an internal explosion. To design a vessel 
thick enough to withstand such a blast 
is usually impractical (a tank normally 
operating at 25 psig would have to have 
its thickness increased by a factor of 5 to 
10 to withstand the rapid stresses of an 
internal explosion). 


*Based on a talk presented by Mr. Cousins 
at the 55th Annual Meeting of the NFPA held 
in Detroit, Mich., May 7-11, 1951. (Program 
Item No. 58.) 


Volurne—14.0 cu. ft. 
L/O0 —22.1 


The economical way to make these ves- 
sels safe is, of course, to reduce the pres- 
sure. In some cases, inert gas can be added 
to make the gas or vapor mixture nonflam- 
mable or to greatly reduce the flammabil- 
ity. The alternate method is through the 
use of bursting disks. The difficulty of this 
latter method is that very little data have 
been available with regard to the effect of 
disk strength and vent area on the maxi- 
mum explosion pressure. 


Except for some data on open vents for 
containers operating at atmospheric pres- 
sure, and a paper by Merl D. Creech en- 
titled ‘‘Combustion Explosions in Pressure 
Vessels Protected With Rupture Disks” 
published in Vol. 63, No. 7 of the ASME 
Transactions, most of the data available 
are for closed vessels of 1 liter capacity. 


Recent Factory Mutual Tests 
Tests were conducted by Factory Mutual 
Laboratories with mixtures (at maximum 
explosiveness) of hydrogen and air and 
of propane and air. Initial pressures were 
0, 15, and 45 psig. Ratio of venting area 
to volume was made variable in vessels of 


Volume —3.0 cu. ft. 
L/D-2.30 


Volume—7.6 cu.ft, 
L/D~1.41 


Figure |. Pipe. 


Figure 2. Drum. 


Figure 3. Tank. 


Figures 1, 2 and 3. Dimension of explosion test vessels used in tests at O psig initial pressure. 





226 NFPA QUARTERLY — JANUARY 1952 


1.1 to 20 cu. ft. capacity. Several strengths 


of disk were used. 

The vessels used are shown in Figures 
1-4. Test vessels 1, 2, 3 were used at 0 
psig initial pressure. Vessel 4 was espe- 
cially constructed to withstand the high 
explosion pressures developed in tests at 
higher initial pressures. 


Figure 4. High pressure test vessel used to 
withstand higher initial test pressures. The vol- 
ume is 1.13 cu. ft.; the L/D ratio: 1.54. 


The hydrogen-air mixture was intended 
to represent a relatively rapid-rate burning 
material; the propane-air mixture a me-- 
dium-rate burning material comparable to 
many solvent vapors. The particular con- 
centration ratios of hydrogen to air (40%- 
60% respectively) and propane to air 
(5%-959% tespectively) were chosen to 
give maximum pressure of explosion, 
maximum rate of burning and reliability of 
ignition. The gases were thoroughly 
mixed, lighted by an electric match. 


Disks, used for tests at initial pressures 
above atmospheric were 2S-O aluminum of 
various thicknesses. Disks of hard Monel, 
spring-temper brass and soft copper were 
also used. All of the disk material (in the 
size and thickness to be used) was burst by 
subjecting each type (5 samples) to a slow 


increase of air or nitrogen pressure prior to 
each condition tested to establish the aver. 
age strength of the material used. 


Explosion pressures were measured with 
an electronic apparatus especially designed 
for the measurement and recording of ex. 
plosion pressure. The pressure-sensitive 
element is a condenser, one side of which 
is a diaphragm exposed to the pressure to 
be measured. Increasing pressure decreases 
the spacing between the plates of the con. 
denser thereby increasing the capacitance. 
The remainder of the apparatus is a bridge 
circuit for measuring the change in capaci- 
tance of the sensitive element.* The 
change is displayed on a cathode ray tube 

*Detailed description of this apparatus pub- 
lished in the November 1947 issue of Elec- 


tronics magazine (McGraw-Hill Publishing Co., 
330 West 42nd St., New York, N. Y.). 


5% Propane-Air, Open Vents 
e——tonk 1L/D=2.30 
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Figure 5. The effect of open vents on the 
maximum pressure developed by hydrogen-air 
mixtures when initiated at atmospheric pres- 


Maximum Explosion Pressure, psig. 


10 20 30 40 50 60 70 60 
Vent Ratio, sq. ft. per 100 cu. ft of volume 
Figure 6. Propane-air mixture explosion pres- 
sures with open vents initiated at atmospheric 
pressure. 
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where it is recorded as a photograph of the 
pressure time diagram shown by an oscil- 
loscope. Timing marks are made at inter- 
vals of 1 /60th second. 


Results of Tests at Atmospheric Pressure 

Figures 5 and 6 show the effect of open 
vent areas on the maximum pressure de- 
veloped by explosions initiated at atmos- 
pheric pressure with hydrogen-air and 
propane-air mixtures. (Each point the 
average of five tests.) The effect of L/D 
(ratio of length to diameter of the vessel) 
is illustrated in Figure 5. Because the con- 
tainer volumes did not vary in the same 
order as L/D, the effect of the volume of 
the vessel is slight. Because the explosion 
pressure in the tank differed from that in 
the drum by only 12 psig maximum in the 
range of vent ratios between 1.0 and 5.0 
per 100 cu. ft., all later tests at O psig ini- 
tial pressure were run with the tank. As 
expected, Figure 6 shows that the slower 





0 Vent ratio of 148 sq. ft per 100 cu. ft. of vol. 
© Vent ratio of 3.02 sq ft. per 100 cu. ft of vol. 
@ Vent ratio of 7.72 9q ft. per 100 cu. ft of vol. 


: 
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: 


40. 80 120 160 200 240 
Static Burst Pressure of Disk, psig. 
Figure 7. The effect of rupture disk strength 
and vent ratio on maximum explosion pressure 
in a hydrogen-air mixture initiated at 15 psig. 


e Nant salle of 148 25 per 100 cu. ft. of vol. 
(| Vent ratio of 3.02 sq. ft. per 100 cu. ft of vol. 
@ Vent ratio of 7.72 sq. ft. per 100 cu. ft of vol. 


Maxirnurn Explosion Pressure, psig. 


40 80 120 160 200 240 
Static Burst Pressure of Disk, psig 
Figure 8. The effect of rupture disk strength 
and vent ratio on maximum explosion pressure 
in a propane-air mixture initiated at 15 psig. 
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burning propane-air mixture is vented 
more easily than hydrogen-air. 


Effect of Disk Strength at Above- 
Atmospheric Pressures 
The effect of rupture disk strength and 
vent ratio on maximum explosion pressure 
at initial pressure of 15 psig is illustrated 
in Figures 7 and 8. (Each point is the 
average of five tests.) For hydrogen-air 
and propane-air the closed vessel maxi- 
mum explosion pressures are 198 psig and 
220 psig respectively. These are maximum 
internal pressures to which a vessel of 
similar L/D ratio would be exposed by ex- 
plosion of gases of similar burning rates 
and same initial conditions. The extent to 
which these pressures are reduced by vent- 
ing is shown by the three curves. 


40% Hydroger-Air, Initial Pressure 45 psig. 
© Vent ratio of 1.48 sq.ft. per 100 cu ft. of vol: 
@ Vent ratio oo oats per 100 cu. ft. hse 


Maximum Explosion Pressure, psig. 


80 160 240 320 400 480 
Static Burst Pressure of Disk, psig. 

Figure 9. At higher (45 psig.) initial pres- 
sures than in Figure 7, but with the same mix- 
ture and vent ratios, the maximum pressure 
increases from 198 to 417 psig. Explosion pres- 
sure increases as vent ratio decreases. 


CRATE 
aa ky 


5% Propane-Air, Initial Pressure 45 psig. 
© Vent ratio of 148 9q. ft per 100 cu. ft. of vol. 
@ Vent ratio of 3.02 sq. ft. per 100 cu. ft. of vol. 
@ Vent ratio of 7.72 sq. ft oe 100 cu. ft. of vol- 


Maxirmnum Explosion Pressure, psig. 


240 320 400 480 
Static Burst Pressure of Disk, psig. 

Figure 10. The propane-air mixture at an 
initial pressure of 45 psig produces a maximum 
pressure of 489 psig rather than 220 psig as 
shown in Figure 8 where the initial pressure was 
15 psig. Explosion pressure increases as strength 
of disks increases. 
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Effect at 45 Pounds Initial Pressure 


With the same conditions as illustrated 
in Figures 7 and 8 except that data in Fig- 
ures 9 and 10 are for 45 psig initial pres- 
sure, the maximum internal pressures are 
417 psig and 489 psig for hydrogen-air 
and propane-air respectively. As would be 
expected, the explosion pressure increases 
as disks of increasing strength are used. 
Explosion pressure also increases as the 
vent ratio is decreased. 


The difference in burning rates on 
“ventability” is illustrated by comparing 
the graphs for hydrogen-air (Figures 5, 7 
and 9) with those for propane-air (Fig- 
ures 6, 8 and 10). Even though propane- 
air produces a greater closed vessel pres- 
sure than hydrogen-air, the vented hydro- 
gen-air explosion pressures (Figure 5) ex- 
ceed equally vented propane-air explosion 
pressures in most of the range of conditions 
tested. The faster burning rate of hydro- 
gen permits higher pressures to develop in 
the time interval between the bursting of 
the disk and the instant the venting rate 
overtakes the rate of production of com- 
bustion products. 


aaa 
eee 


Maximum Explosion Pressure, psig. 


Vent Ratio, sq. ft. per 100 cu.ft. of volume 


Figure 1. As vent ratio increases explosion 
pressures decrease. This graph shows data on 
30 Ib. and 100 Ib. disks. 


How Vent Ratio Reduces Explosion 
Pressures 
The effect of vent ratio is illustrated by 
Figures 11 and 12 derived from the direct 
plot of the data by finding the explosion 
pressure at the tested vent ratios for arbi- 


Maximum Explosion Pressure, psig. 


Vent Ratio, sq.ft. per 100 cu. ft. of volume 


Figure 12. Disks of 60 Ib. and 200 lb. 
strength were selected for this graph to show 
relationship of vent ratio to explosion pres- 
sures. 


trarily selected disk strengths. Explosion 
pressure was then plotted against vent 
ratio for each selected disk strength to give 
an explosion pressure-vent ratio which is 
easier to apply to problems of existing 
equipment or new designs. 


60 


Maximum Rate of Pressure 


0 
Initial Pressure, psig. 


Figure 13. The maximum rate of pressure 
rise as related to initial pressure is illustrated. 
Note that the maximum for hydrogen air, for 
instance, is 26,000 psi per second when the ini- 
tial pressure is 15 psig, 57,000 psi when 45 
psig. 


Rates of Pressure Rise 


The relation of maximum rate-of-pres- 
sure rise to initial pressure is shown in 
Figure 13. Points for initial pressures ot 
15 and 45 psig are from this investigation 
and are averages of ali values except those 
involving the largest vent. Points for C 
psig initial pressure were obtained from 
unpublished data from experiments by 
Eastman Kodak Co. and for propane at 0 
psig are actually for acetone and toluene 
which haye similar burning rates. 


Initial Pressure, psia. 
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TABLE No. | 


Thickness, 
(Inches) 


0.0060 
0.0170 
0.0310 
0.0080 
0.0027 
0.0020 


(Inches) 
4.00 
4.00 
4.00 
4.00 
2.50 
2.50 


Aluminum, 2S—O 
Aluminum, 2S—O 
Aluminum, 2S-O 
Brass, Spring temper 
Copper, electrolytic 
Monel, full hard 


Using Other Metals for Disks 


Supplementary tests were made to deter- 
mine if there would be any difference be- 
tween the static and dynamic bursting 
pressures of disks made of metals other 
than aluminum. The additional metals 
used were spring-tempered brass, electro- 
lytic sheet copper, and full-hard monel 
strip. It will be noted from Table I below 
that the difference in maximum explosion 
ptessure between the three other metals 
and aluminum is, as would be expected, 
from their relative ductility. However, 
the differences are not statistically signif- 
icant and are small enough to permit data 
derived with aluminum disks to be applied 
to other metals. The ratios of dynamic burst 
pfessure to static burst pressure for the 
metals are also in logical order but the dif- 
ferences are again not statistically signif- 
icant. 


Initial Pressure, psia. 


100 200 300 400 S00 600 700 800 900 
Explosion Pressure, psia. 


Figure 14. The Factory Mutual Laboratory 
test results are compared to data obtained 
from M. D. Creech's work (1941) on closed 


vessel explosion pressures. 


Static 
Burst 
Pressure, 
Psig. 


Maximum 
Explosion 
Pressure, 

Psig. 
190 

169 223 

267 330 
187 258 

71 260 
84 


Dynamic 
Burst 
Pressure, 
Psig. 

64.5 73 
153 
aia 
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Comparison of Present and Past Tests 


The tests made by Creech,* reported in 
1941, using propane-air mixtures, were 
conducted in a container 2 ft. in diameter 
and 10 ft. long. There were three spark 
plugs for simultaneous ignition at 3 points 
along the container so the L/D ratios 
would be about 1.7 if all were used or 5.0 
if only the one near the end was used. 
Pressures were measured at three points 
along the container using engine indica 
tors of the conventional type. Results of 
the closed vessel tests in comparison with 
those of the present investigation are 
shown in Figure 14. Note that the maxi- 
mum explosion pressures are in reasonably 
close agreement but that the rate-of-pres- 
sure rise of the present investigation is 
very much greater. A small part of this 
difference is undoubtedly due to the 
greater L/D of Creech’s container but the 
greater part is due tc the difference in 
method of pressure measurement. The 
electronic gage has a natural frequency of 
many tens of thousands of cycles per sec- 
ond and, therefore, can follow the rapid 
pressure changes much more closely than 
the engine indicator which has a natural 
frequency in the hundreds of cycles per 
second. 


Comparison of tests using bursting disks 
can be made only in a qualitative way. 
Most of the tests reported by Creech were 


*See page 225 for reference to the work by 
M. D. Creech. 
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made at initial pressures higher than those 
of the present investigation and not 
enough tests were made to show the differ- 
ence in effect of disks of different strengths. 
However, comparisons of ratios of initial 
and explosion pressures show a much 
greater effectiveness for a given vent ratio 
for Creech’s data than indicated by our 
data. Again, this is due to the method of 
pressure measurement since the speed of 
response of the engine indicator is too 
slow to accurately follow the rapid pres- 
sure change and record the true maximum 
pressure. Tables II and III give compari- 
son data for closed and vented vessels. 


TABLE II 


Comparison of Data from Creech and F.M. Labs. 
for Closed Vessel Tests with 5% Propane — 
95% Air at Initial Pressure of 45 psig. 


Creech F.M. Labs. 
L/D=5.0 L/D=1.54 
Maximum Maximum Maximum Maximum 
Explosion Rate of Explosion Rate of 
Pressure— Press. Pressure— Press. 
ise— psig. 
psi/sec. 
495 1850 530 
385 1830 505 
425 1355 475 
495 1860 470 
495 1860 465 
Av. 459 Av.1750 Av. 489 


TABLE III 


Comparison of Data from Creech and F.M. Labs. 
for Vented Explosions with 5% Propane — 
95% Air. 


Rise— 

psi/sec. 
42,200 
34,900 
36,400 
23,000 
16,500 
Av. 30,600 


F.M. 

Labs. 
Ratio* 

Expl. Expl. 
Press. Press. 
to 

Initial 
Press. 








Pres- to 

Initial 

psia. ia. Press. 

66 4.25 

66 4.75 

66 4.25 7.6 
122 4.45 
188 4.13 


134 ath 
105 3.59 
75 3.31 
122 4.07 
105 3.59 
75 3.46 
150 2.91 
2.5 105 2.33 3.9 
85 2.46 
85 2.46 
*Note: Data are computed for vent ratios 
shown and for 65 psig disk strength and initial 
pressure of 60 psig. 


Explosion Pressure, psig. 


2 6 
Vent Ratio, sq. ft per 100 cu. ft volurne 


Figure 15. Explosion pressure — vent ratio 
relationship for bursting disks having static 
burst pressures (psig) as shown from design 
data for 40% hydrogen-air mixture with initial 
pressure at 15 psig. 


Explosion Pressure, psig. 


6 7 
Vent Rotio, sq. ft. per 1CO cu. ft volume 


Figure 16. Explosion pressure — vent ratio 
relationship for bursting disks having static 
burst pressures (psig) as shown from design 
data for 40% hydrogen-air mixture with initial 
pressure at 45 psig. 


Practical Application of Test Results 


For practical use in design, results of the 
explosion research are presented in Figures 
15, 16, 17 and 18. Each graph covers all 
data for one gas and one initial pressure 
and consists of curves showing the rela- 
tionship between explosion and vent ratio 
for various disk strengths. For example, 
Figure 15 for hydrogen-air mixture at an 
initial pressure of 15 psig shows that the 
maximum explosion pressure that will 
occur in a vessel with no vent ratio (0.0) 
is 198 psig. If a vent ratio of 5 sq. ft. for 
each 100 cu. ft. of vessel volume is pro- 
vided and equipped with a disk having 4 
static burst strength of 25 psig, the explo- 
sion pressure will be limited to 90 psig. If 
the same area has a disk whose strength is 


Explosion Pressure, psig- 


= 2 2 3 


Explosion Pressure, psig. 
n 


limite 

W 
large 
the i 
quire 
numb 
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Explosion Pressure, psig- 


3 as 
Vent Ratio, sq. ft. per 100 cu. volurne 


Figure 17. Explosion pressure — vent ratio 
relationship for bursting disks having static 
burst pressures (psig) as shown from design 
data for 5% propane-air mixture with initial 
pressure at 15 psig. 


6 
Vent Ratio, sq.ft per 100 cu. ft volume 


Figure 18. Explosion pressure-vent ratio 
relationship for bursting disks having static 
burst pressures (psig) as shown from design 
data for 5% propane-air mixture with initial 
pressure at 45 psig. 


75 psig, the explosion pressure will be 
limited to 125 psig. 


When it is not practical to use a single 
large disk because of space limitations or 
the impracticability of obtaining the re- 
quired strength in a large diameter disk, a 
number of smaller disks of the required 
strength totaling the required area can be 
used. This is because, while for any given 
volume and disk strength the explosion 
ptessure varies with the disk area, tests 
with varying volumes show that in general 
it is not the area alone that determines the 
explosion pressure but the ratio of vent 
area to volume. 


Since the graphs were derived from tests 
of two gases at two initial pressures, good 
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judgment will be required in their appli- 
cation to protection problems. Naturally, 
very few such problems will involve mate- 
rials or conditions exactly equivalent to 
the test conditions. However, it is possible, 
by proper selection of one graph or a com- 
bination of two graphs, to apply the de- 
rived data to most protection problems 
that may be presented. One general rule 
should be noted in determining whether to 
apply the data for hydrogen or propane to 
the problem at hand. Since hydrogen’s 
rapid burning rate is not widely met in 
other gases, the hydrogen data should be 
used for problems involving hydrogen or 
any mixture of combustible gases contain- 
ing more than 20 percent hydrogen. The 
data for propane should be applied to all 
materials having moderate or slower burn- 
ing rates such as organic solvent vapors. If 
there is doubt of the characteristics of the 
material involved and no data are available 
to indicate the proper selection, the safest 
course is to apply the data for hydrogen. 


The application of the explosion pres- 
sure-vent ratio relationship has certain 
limitations determined by the scope of the 
investigation from which it was derived 
and the following specific instances are 
given to govern the use of the data devel- 


oped. 


1. These design graphs are not appli- 
cable to pipelines or long tanks. In such 
containers a “detonation” can occur for 
which the maximum pressures are in the 
thousands of pounds per square inch and 
venting is totally ineffective. At atmos- 
pheric initial pressure the critical L/D 
ratio is about 60 which reduces to 30 at an 
initial pressure of 15 psig. Critical lengths 
for higher initial pressures have not been 
established. Within this limitation the ex- 
plosion pressure decreases with increasing 
L/D ratio so the graphs may be safely 
used for containers of L/D ratio greater 
than that of the test container (1.54). For 
L/D tatios between 1.54 and 1.0 an added 
safety factor should be considered. 
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2. Initial operating pressures above the 
scope of the investigation are not covered 
by it, although straight line extrapolation 
of the data up to 60 psig is probably safe. 
For initial pressures below 15 psig straight 
line extrapolation to 0 psig can be made 
with safety. 


3. For temperatures much higher than 
the range of the investigation (50 to 90 
deg. F.) the data should be applied with 
caution. As the temperature increases, the 
quantities, by weight, of combustibles de- 
crease, other things being equal. At the 
same time, the initial energy level increases 
with the result that it is not known specifi- 
cally how extreme temperatures affect ex- 
plosion pressure or ventability. 
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4. The data apply to vents having an 
unobstructed discharge to atmosphere 
(after the disk bursts). That is, they are 
not applicable to vents discharging into 
ducts or other confining spaces. 


5. Since an explosion vent is a method 
of spreading out a quantity of energy 
which would be harmful if confined, cau. 
tion should be employed in determining 
where that energy can be spent safely. The 
placement of vents should be such that 
their discharge would not be directed at 
flimsy construction such as thin partitions, 
glass windows, etc. Nor should they be 
directed in a manner such that personnel 
would normally be within the discharge 
path while the hazard exists. 


“Emergency — Dr. Red" 


St. Paul's Hospital Fire, Dallas 


“Dr. Red’ was fire. 

The Emergency came at 12:25 A.M. 

At 12:25, the Sister Superior was awak- 
ened by a strange noise. 

The strange noise came from the attic 
over the Nuns’ Dormitory on the fifth floor 
of St. Paul’s Hospital in Dallas. 

St. Paul’s Hospital on the morning of 
October 25, 1951 housed 254 patients, of 
which 21 were new born babies. 

In 12 to 15 minutes all were evacuated 
safely in a mass rescue operation set in 
motion by the code signal ‘‘Emergency— 
Dr. Red’ over the inner-communication 
system. 

Outstanding services rendered by the 
Dallas Fire and Police Departments plus 
the efficient cooperation of ambulance serv- 
ices, taxicab operators, transit companies 
and groups of spectators spelled safety for 
all occupants and extinguishment of a po- 


tentially serious fire within one hour and 
28 minutes. 

The secret of both the successful evacua- 
tion and the successful fire fighting was 
preplanning. 

Lack of automatic protection, serious 
construction deficiencies and inadequate 
exit facilities made the evacuation and ex. 
tinguishment truly remarkable. 


The Building 

St. Paul’s is a large hospital. 

The “Main Building’ was built in 
1896-98 in the form of a ‘U”’ having a 
gtade floor area of approximately 14,000 
sq. ft. It was a typical brick, wood joist 
structure with a peak, slate covered roof on 
wood decking, on wood joists on wood 
beams, on wood posts. The ceiling on the 
top floor below the attic was metal lath and 
plaster. A treated wood pulp insulation 
(that would not support combustion) was 
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used to insulate the enclosed space between 
the wall studding and in the joist channels. 
The attic space was used for storage pur- 
poses and contained steam pipes, water 
lines and electrical wiring in conduit. 


Neither the “Main Building’ nor a 
large fire-resistive annex had automatic 
sprinkler or detection equipment. 


Evacuation Facilities 

The stair and elevator shafts in the 
“Main Building” were in process of being 
enclosed by noncombustible type partitions 
and during this work openings to the 
shafts on the first four floors had been tem- 
porarily sealed with plywood. 

Steel (down to the second floor, wood 
below) exterior fire escapes were available 
on two sides of one wing of the “U’’. One 
other exterior steel escape was located on 
the interior court formed by the “U”’. An 
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interior enclosed stairway and two enclosed 
elevators in the fire-resistive annex were 
accessible through connecting corridors on 
each floor from the Main Building. The 
evacuation plan called for the use of these 
enclosed annex stairs and in the emergency 
this plan was followed. No one needed to 
use the exterior escapes. 

A stairway to the main entrance of the 
Main Building extended from grade to the 
second floor only. 


Preplanning 

In September 1951, St. Paul’s adopted 
an evacuation plan. No drill had been held 
when this emergency occurred on October 
25 although such a drill had been contem- 
plated. The private fire brigade had not 
been fully organized. Despite these limita- 
tions, when the code signal “‘Emergency— 
Dr. Red’ was sounded, the hospital staff 


Air view of St. Paul's showing destruction of attic area in one wing of the "U"-shaped 
building. Sprinkler protection was not afforded the wood joisted attic or the balance of 
the building and when fire was detected sparks were emitting from a crack in a metal lath 


and plaster ceiling on the fifth floor. 
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functioned with such efficiency it was evi- 
dent that the evacuation program had been 
taken seriously. Because the staff func- 
tioned coolly in the emergency, there was 
no panic. 

If the hospital's preplanning was of re- 
cent vintage, the Dallas Fire Department 
had, for many years, preplanned its opera- 
tion for just such an emergency in St. 
Paul's. The first alarm at 12:25 was fol- 
lowed by a second and third at 12:33, 
when the Battalion Chief in charge of the 
first equipment found the attic full of 
smoke. At the same time he ordered a full 
evacuation of the hospital. When fire 
broke through the roof at 12:37, a fourth 
and fifth alarm was given by radio, and 
other apparatus, including ,all available 
ambulances, were called. The Fire Depart- 
ment massed fifteen engine companies, five 
aerial truck companies, 106 on-duty and 
212 off-duty men. 


Fire and Police Cooperation 

The fire was fought and confined in the 
fifth floor and attic in one wing of the 
Main Building. Operating at night, with 
considerable smoke and heat in the attic 
obstructed by supporting wood braces, the 
fire department did a remarkable job. 
Aerial ladders were used extensively de- 
spite impediments of an iron fence, narrow 
driveways and numerous trees on the prop- 
erty. The only usable inside stairway (in 
the Annex) was “busy,” being used for 
evacuation. 

The Dallas Police Department assem- 
bled and convoyed ambulances, taxicabs, 
buses and private cars to transport patients 
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to safety. They set up traffic blocks to 
handle spectators. They aided in the man. 
ual evacuation work. Police radio brought 
in ambulances from outlying towns. The 
fire was tapped out at 1:53 A.M. By 9:00 
P.M. the same day, all available space in St. 
Paul's was again in use although the bed. 
rooms and wards in the Main Building 
were left vacant because of the hazard of 
loose plaster on ceilings. Fire damage was 
confined to the attic over one wing and 
adjoining roof. Plastered interior walls 
and ceilings suffered considerable water 
damage. Early estimates place the loss at 
$125,000. 


But How Much Better 


But, how much better it might have 
been! 


Instead of a forced evacuation of the ill 
and the invalid, 


Instead of an army of fire fighters, police 
and volunteers risking death in a hazard. 
ous night battle against an uncontrolled 
fire in an unsafe structure, 


Instead of these, if “Mr. Automatic 
Sprinkler’ had been on hand to answer the 
‘‘Emergency—Dr. Red” the patients would 
not have been disturbed, the building se- 
cured, the risks avoided. With all due 
credit to the Dallas Fire and Police Depatt. 
ments, to the Hospital Staff, to their insur- 
ance advisors and others concerned, it does 
not seem too much to expect that auto- 
matic sprinkler protection could have been 
provided some time during the 50 years 
the building has been housing the helpless 
and the newborn. 





Kodak Park Paper Storage Fire 


Fire in a paper storage area on the top 
floor of a five-story fire-resistive building 
in the Kodak Park Works of the Eastman 
Kodak Co. starting on Nov. 10, 1951, 
caused damage estimated at some two 
million dollars, and is of unusual interest 
not only because of the technical features 
involved but as an illustration of the possi- 
bility of severe fire loss even in a large 
industrial property with a reputation for 
an outstanding fire safety program. 


The Building 


Building No. 57 is a five-story rein- 
forced concrete building approximately 
122 by 545 ft. erected during 1936-37. 
The building is of flat slab, mushroom 
column construction, designed for a floor 
load of 250 Ibs. per square foot except the 
roof which is designed as a floor with a 
load of 150 Ibs. per square foot. The 
walls are non-bearing curtain walls made 
of two thicknesses of hollow tile. The 
outside is typical red hollow building tile 
and all inside tile is a high density hard 
burned tile known as “gray manganese 
tile” especially selected because of its re- 
sistance to acids. 


The majority of the building is occupied 
by operations concerned with the manu- 
facture of sensitive emulsions for photo- 
gtaphic papers and the coating of these 
emulsions on the paper base. 

Most of the 5th floor is used for storing 
baryta-coated photographic paper. This is 
essentially a high quality paper base with 
a coating of baryta (barium sulfite) 
applied to form the familiar smooth photo- 


This report has been prepared by the Editor 
from data furnished by several NFPA members. 
Particular acknowledgment is made of the co- 
operation of the Eastman Kodak Co., which 
supplied complete data through Allen L. Cobb, 
Safety Director of the Kodak Park Works. 


graphic paper surface. This is an inter- 
mediate operation between the making of 
the paper base itself and a subsequent 
coating with sensitive emulsion. 

In addition to this large storage area, 
there is a small area at the north end of 
the building, cut off by a 6-in. gray man- 
ganese tile partition, used for the storage 
and preliminary mixing of chemicals in 
connection with emulsion manufacture. 
There are also two rooms along the east 
wall, one used for printing identifying 
material on the back of certain grades of 
paper, and the other used for paper in- 
spection. 

The Paper Storage 

Rolls of baryta-coated paper were 
brought over the bridge from an adjoining 
building by specially designed electrically- 
powered roll trucks equipped with arms 
to lift and place the rolls in racks located 
in the storage area. Rolls are tightly 
wound and the end of the paper secured 
with adhesive paper tape. An exception 
is a small percentage of rolls intended for 
shipment to other plants. These are 
wrapped in kraft paper, including the 
ends. 


The paper varies in thickness, both a 
single and double weight paper being 
made. A small percentage of the paper 
used for direct positive work is water- 
proofed by cellulose acetate coating on 
both sides. There is also a small amount 
of material known as stripping film base. 
It is covered with an extremely thin layer 
of nitrate material which in later processes 
may be stripped from its paper support. 
Fire tests do not indicate that these mate- 
rials have appreciably greater fire hazard 
than the baryta-coated base itself. 

At the time the building was erected, 
tests were made in regard to the need of 
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Looking south over Building 57 during the fire. Air supply to fire was restricted by 
solid walls without windows or access panels and by the solid reinforced concrete roof. By 
using a crane boom the walls were eventually breached to provide ventilation and permit entry 
for fire fighting, but with a free air supply the fire increased in intensity. According to one 
theory a fire such as this might well be handled by letting the fire starve itself through lack 
of oxygen, at the same time removing combustible materials by men wearing self-contained 


breathing apparatus. 





KODAK PARK PAPER STORAGE FIRE 


providing sprinkler protection. It was 
found that the rolled paper ignited with 
difficulty, if at all, when subjected to the 
flame of a gasoline blow torch. The turned 
up edges of paper were very easily extin- 
guished and, in fact, such fires went out 
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of their own accord. A number of such 
tests were run and were witnessed by 
representatives of insurance organizations 
as well as Kodak Park engineers. In view 
of the possibility of water damage from 
the accidental breaking of sprinkler piping 


Paper roll storage before the fire, aisle about 500 ft. long without any fire stop. A 
blow torch test had indicated that this paper would not ignite, and the possibility of water 
damage from sprinklers damaged by lift trucks had loomed larger than the danger of fire; 
hence no sprinklers in this area, though adjoining manufactuing areas were sprinklered. Some 
rolls were wrapped in Manila paper, more readily ignited than the photographic paper. 
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by the automatic roll trucks, it was con- 
cluded that the probability of ignition was 
remote and that if any ignition did occur 
such a fire could be very easily handled by 
first aid equipment. As a result sprinklers 
were not installed over the storage area. 


Ventilation Equipment 

The storage area of the Sth floor was 
heated and ventilated by a warm air sys- 
tem taking suction from an air shaft which 
received fresh air from outdoors or recirt- 
culated air. This air passed through a fan 
room containing a 50,000 cfm fan, then 
through fin coil heaters into a bag filter 
room, where it passed through canton flan- 
nel bags. There were 68 of these bags 
connected to a header plate, each bag 
being approximately 17 in. in diameter and 
17 ft. long. This ventilating equipment 
was all located in the 4th floor of the 
building and supplies heated and filtered 
air to a duct, 4 x 8 ft., rising vertically 
from the filter room to the underside of 


the ceiling of the Sth floor. The fan and 
filter rooms were of gray manganese tile 
construction and the filter room was lined 
with canvas held in place with Ulmer 
cement and painted with Dulux enamel. 


Fire Protection 

Except for the roll area itself, the build- 
ing was fully protected by automatic sprin- 
klers supplied from the Kodak Park fire 
mains. Hose risers in each of the stair- 
towers were equipped with 214-in. hose 
valves but no hose. First aid extinguishing 
appliances in the area were 214-gallon 
water pump tanks. 


Kodak Park Fire Department 


The Kodak Park Fire Department is in- 
tended to render that service generally per- 
formed by a single city fire company. It 
consists of a Chief, 2 deputies, 4 captains, 
and 20 firemen operating on a four-shift 
basis to provide one company of five men 
and a captain on each operating shift. 
Equipment consists of a 750-gpm pumper, 
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an older motor-driven hose truck, and the 
chief's car. This equipment is supplied 
with both 21%4- and 114-in. fire hose and 
the usual complement of combination noz. 
zles and special devices. The apparatus is 
also equipped with McCaa oxygen breath. 
ing apparatus of the one-hour type ap. 
proved by the U. S. Bureau of Mines for 
mine rescue work. The Fire Department 
personnel is trained in wearing this appa. 
ratus under the direction of a trainer quali. 
fied by the Bureau of Mines. There is also 
additional oxygen breathing equipment in 
various departments which is available in 
an emergency. Absorption gas masks of 
the all service type are also carried. Kodak 
Park has its own fire alarm system con- 
nected to the Kodak Park Fire Depart. 
ment headquarters. Kodak Park apparatus 
is equipped with two-way radio communi- 
cation with the Kodak Park station which 
controls movement of trucks and railroad 
locomotives. Three fire alarm boxes lo- 
cated within Kodak Park connect to the 
Rochester City Fire Alarm Headquarters. 


Start of the Fire 


On the morning of Saturday, November 
10th, employees were engaged in making 
alterations to the racks along the east wall 
of the building near the south end. The 
area was separated from the rest of the 
floor by a temporary partition of masonite 
on wood studs. There was arc welding 
work in connection with this operation. A 
permit for this work was secured in accord. 
ance with Kodak Park procedure. It was 
authorized by the Field Department super- 
visor, a representative of the Baryta Coat- 
ing Department — which has jurisdiction 
over this area — and was checked by tele- 
phone with the Safety Department. This 
work had been checked at the beginning 
of the job, and because of the low ignition 
hazard, renewals were granted by tele- 
phone without going to the scene, but no 
permit had been issued for work inside 
any duct. 





KODAK PARK PAPER STORAGE FIRE 


Near the center of the fire area. Paper largely consumed, steel supports wrecked. 


A large opening was cut in the side of 
the horizontal duct at the point where it 
turns to drop into the fan room. This 
opening was first made with a hammer and 
cold chisel followed by cutting out the 
opening to proper dimensions with an 
electric rotary shear. It was found that 
there were two 114-in. pipes installed 
crosswise of the duct as safety guards to 
prevent anyone, cleaning the duct from the 
inside, falling into the vertical section and 
it was necessary to remove these, which 
was done by oxy-acetylene cutting at the 
end nearest the new opening. Later the 
opposite end of the pipe inside the duct 
was burned off using an electric carbon 
arc. No checking was done within the 
bag room. The men working on the duct 
left for lunch about noon and no smoke 
was evident at that time. 


It is believed that drops of molten 


metal, either from the oxy-acetylene opera- 
tion or the later carbon arc burning, 
dropped through the vertical duct, 
bounced about 10 ft. horizontally from a 
small roofed-over area within the fan room 
to the bags. The fans had been shut down 
before the work was started. 


The exact story of what happened in the 
bag room is not known, but it is believed 
that the sparks burned into several of the 
bags, starting smoldering fires in the dust 
and lint within perhaps four or five of 
these bags. This slow smoldering combus- 
tion with little air and under the elevated 
temperature of the fan room (steam coils 
were still turned on) resulted in the for- 
mation of considerable carbon monoxide 
but relatively little smoke, some of which 
was filtered out by the bags themselves. 
When actual flame did finally appear, the 
bags were already heated nearly to their 
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Air duct where sparks from cutting operations (oxyacetylene and electric arc) started 
fire. Work was done in opening of duct at right. Sparks fell to filter room below. 


ignition temperatures and there was prob- 
ably a considerable amount of carbon 
monoxide present in the room, resulting 
in a flash fire or mild explosion develop- 
ing appreciable pressure. 


At about 12:20 a watchman went 
through the fifth floor and noticed no 
smoke or unusual conditions. At approxi- 
mately 12:30 a millwright assigned to 
checking the storage battery charging 
operation, returned and noticed some 
smoke. He climbed a platform ladder at 
the duct opening and noticed considerable 
smoke within the duct. He returned to 
the floor and started to turn in an alarm 
when a burst of flame erupted from the 
opening, extending about 20 ft. horizon. 
tally and apparently carrying with it a 
considerable amount of burning material. 


It is assumed that burning cloth from the 
bags themselves was discharged in this 
blast of flame and settled upon rolls over 
a large area of the floor. 


Fire Fighting Operations 

The four men in the area turned in the 
alarm and started to attack the numerous 
small fires with 214-gallon pump tank 
extinguishers. One man removed the oxy- 
acetylene cutting equipment. They were 
successful in extinguishing a number of 
the fires, but the two extinguishers became 
empty before they completed their work 
and while trying to refill them, the fires 
gained in intensity and the smoke in- 
creased, making it difficult to remain in 
the area, 


The Kodak Park Fire Department on 
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KODAK PARK PAPER STORAGE FIRE 


Air filter room after the fire. Cloth dust bags, I7 in. in diameter by 17 ft. long, were 
ignited by sparks from cutting operation above. In the absence of sprinklers or other automatic 
protection in the room, or of automatic fire dampers, fire spread through the duct openings to 
ignite the paper stored on the floor above. 


arrival entered at the southeast stairtower. 
Following normal Kodak Park practice, 
first entry was made with the all service 
type of mask due to the time required to 
put on and properly check the McCaa oxy- 
gen apparatus. A line of 114-in. hose was 
stretched into the area and fire fighting 
operations begun. One man put on the 
McCaa apparatus but, because of haste in 
putting it on, may possibly have inhaled 
some room air and discharged it into the 
breathing bag of the apparatus, which has 
the effect of increasing the nitrogen con- 
tent within the equipment. All of the 
men climbed five flights of stairs and were 
actively working to control the fire. Be- 
cause of the exertion, coupled with the 
probably increased nitrogen content in his 
apparatus, the man wearing the McCaa 
apparatus collapsed and when his rescue 


was attempted by other men wearing ab- 
sorption equipment, they found they werd 
barely able to get out of the room them. 
selves, due probably to the decreasing oxy- 
gen content in the area, there being no 
outside ventilation whatever. 

Chief Van Lare of the Kodak Fire De- 
partment, on reaching the door, made a 
check of his men and on finding one miss- 
ing, went in without replacing his gas 
mask, succeeded in locating the overcome 
fireman and dragged him to the door, 
after which Chief Van Lare himself was 
so seriously affected that he was not able 
to continue fire-fighting operations. The 
City Fire Department was then called, the 
first time in 25 years that they had been 
called to a fire in Kodak Park. At the 
time it was about 40 minutes after the 
start of the fire. 
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Mr. Cobb's Story 
From this point on the progress of the 
fire is covered by the following personal 
account by Allen L. Cobb: 


I came into the plant and on arrival found 
one fireman receiving artificial respiration and 
an inhalator in use under direction of a nurse 
from the Kodak Park Medical Department who 
had arrived with our ambulance. Another fire- 
man was unconscious but breathing and await- 
ing the second trip of the ambulance. Chief 
Van Lare was very weak from smoke effects 
but told me the city had been called. 


I then put on the McCaa apparatus. This 
equipment is provided with mouthpiece breath- 
ing connection and with so-called ‘nod and 
shake goggles” which are substantially gas 
tight but which cannot be worn over ordinary 
glasses. As I am quite nearsighted, I found it 
impractical to enter the area with this equip- 
ment, although breathing was satisfactory. 


Arriving at the foot of the stairtower, I met 
the captain of the arriving company, who asked 
me regarding location of the risers and the 
extent of the fire. I informed him of the smoke 
conditions and the probable need for Chemox 
apparatus with which the City of Rochester is 
equipped. I then took Chief Van Lare to the 


Medical Department in my own car and stopped 
at the Safety Department, called two po 
men—the Assistant Director, Mr. T. F. Wright, 
and Mr. R. J. Gabel—and picked up two sets 
of demand type of oxygen breathing equipment. 


Returning to the scene, I found a number of 
ambulances had arrived and were carrying fire- 
men from the first city company to the Medical 
Department, some 19 or 20 being quickly over- 
come by smoke as they attempted to enter the 
area without oxygen breathing equipment. As 
I went up the stairtower, Chief Slattery of the 
Rochester Department was being carried down. 


I entered the area wearing the oxygen equip- 
ment and found that while the smoke was dense 
there was no heat or visible fire. About 4:00 
P.M. on entering the east stairtower with another 
man, we were able to walk up along the east 
wall of the building and found a considerable 
number of rolls which had been on fire but which 
were not burning and were cold to the touch. I 
believe that active flaming in the area at this 
time had ceased, due to lack of oxygen and only 
glowing fire remained in a few areas. Smoke 
density, limiting visibility to about one foot, 
made fire fighting operations difficult and the 
Rochester Fire Department was not operating 
within the area at this time. 


Meanwhile, part of the glass block wall at 
the south end of the building had been breached 
by the boom of a Kodak Park crane and a hose 
was operating through the broken glass. 


At this point it appeared that the fire was 
under control. Additional cranes were obtained 
and additional glass block panels broken out in 
an attempt to clear the area of the smoke, but 
this also admitted fresh air, probably resulting 
in reignition of partially burned rolls. Shortly 
after this, it was noticed that water discharging 
from the four sprinklers at the foot of this ramp 
was very hot, indicating a general increased 
temperature in the area. 


Additional fire companies were called in until 
there were six aerial ladders in operation with 
11 city pumpers and a number of those from 
volunteer companies in the Monroe County Mu- 
tual Aid set-up. Special calls were made to the 
county organization for oxygen breathing appa- 
ratus and flood lighting equipment. Water sup. 
plies were adequate, the pressure at the Kodak 
Park Fire Department gauge showing a drop 
from 95 to 91 Ibs. and the lowest pressure drop 
noticed in any stairtower was from 95 to 85 lbs, 
It is estimated that water used was about 4,000 
gallons per minute. 


At about 7:00 P.M Chief Foos, together with 
Deputy Chief Boeyink of the Kodak Park De- 
partment, were able to enter at the center east 
stairtower and to advance hose companies into 
this area, but later these companies were with- 
drawn and the fire gained in intensity in the 
south half of the building and continued to 
burn, completely out of reach of hose streams. 


About 3:00 A.M., fire in the north half of the 
building increased in intensity and at this time 
Kodak Park cranes equipped with cannon ball 
weights knocked out the glass brick and the 
wall along the entire east side of the building. 


These rolls at the south end of the building 
were within reach of hose streams. 





KODAK PARK PAPER STORAGE FIRE 


During Sunday morning, I entered the center 
east stairtower with a captain and two firemen 
of the Kodak Park Fire Department with oxygen 
apparatus and a 2%4-in. hose line. It was not 
possible to work much beyond the stairtower as 
the temperatures were quite high. Water strik- 
ing the ceiling boiled off immediately. 


On Sunday afternoon, the Rochester 
city firemen succeeded in entering parts 
of the area with hand lines. The fire was 
under control by 8:00 A.M. Monday. 


Structural Damage 

None of the roof slabs was broken 
through, but deflections were noted up to 
a maximum of 134 in. Core tests of the 
concrete made immediately showed vary- 
ing strengths from 1750 Ibs. to 3000 lbs., 
the Kodak acceptable minimum being 
3000 Ibs. Some spalling was noted around 
the corners of drop panels and some on 
column capitals, none on the slab itself. 
The gray manganese tile partitions stood 
up well and were not breached by fire in 
any area and showed only a small amount 
of spalling in one spot. A tin clad fire 
door showed severe damage, although it re- 
mained in position and prevented passage 
of fire into the sprinklered printing room. 

An approximate idea of temperatures in 
this area is gained from the fusing of por- 
celain enamel on light fixtures, indicating 
temperatures in excess of 1600°F. It is 
believed that these temperatures continued 
for more than three hours. 


While serious damage to the concreie 
toof slab was not immediately apparent, it 
was believed that much of this concrete 
would ultimately show a loss in strength 
and work was started immediately in re- 
moving the concrete roof slabs in the most 
setiously affected areas using air hammers. 

Concrete which appeared in fair condi- 
tion was very weak and separated readily 
under air hammers with loss of bond be- 
tween the concrete and reinforcing steel 
and with separation of the aggregate from 
the matrix. It was necessary to replace 
almost 90% of the roof slab in the fire 
area and this was carried down the column 
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capitals to the top of the cylindrical sec- 
tion of each column, thus fully exposing 
the supporting steel in this area and secur- 
ing a good bond in the reconstruction. 


Water Damage 

The effectiveness of the waterproofing 
treatment of the floors was well demon- 
strated. Very little water came directly 
through the slab at any point, but there 
was leakage at expansion joints and 
around pipe sleeves, some of which 
dripped off pipes on the 4th floor on to 
material and equipment. For the most 
part, however, the only damage on the 4th 
floor was caused by about 3 inches of water 
accumulation on the floor slab itself. Low- 
er floors also showed a little water damage. 


Smoke 

The burning of baryta-coated paper 
may have released some sulfur dioxide 
during the early part of the fire, although 
no irritating gases were noted. During 
later stages, hydrogen sulfide gas was 
noted, and it is known that barium sulfite 
may be reduced, releasing hydrogen sulfide 
at temperatures in excess of 600°F. 


This fire door did its job for over three hours. 





Large Loss Fires of !95I 


An NFPA Staff Study 


1951 was a disastrous year for large fire 
losses. During the year there were 302 
fires in the United States and Canada with 
individual losses of $250,000 or more pro- 
ducing an aggregate loss of $213,310,000. 

This shocking experience accounted for 
24 percent of the total fire loss in these two 
countries. 

The number of large loss fires in 1951 
increased 24 percent over the previous year 
and caused about 40 percent more damage. 
The 268 large loss fires in 1948 were the 
largest number to occur in any year prior 
to last year. 


Fatalities 

There were 369 more fatalities in the 
1951 large loss fires than in those of 1950. 
The six disasters involving largest loss of 
life were the West Frankfurt, Illinois mine 
explosion (119 killed), aircraft fires in 
flight over Elizabeth, New Jersey (56 
killed) , and enroute to Europe (53 killed) , 
the aircraft crash fire near Decoto, Califor- 
nia (50 killed), the tanker collision in the 
Gulf of Mexico (39 killed) and the Mont- 
real Hospice fire (35 killed). 


Sources of Information 

These large loss fires, by virtue of their 
size and importance, have received in most 
instances careful scrutiny by investigating 
authorities and have thus been reported to 
the NFPA in sufficient detail and accuracy 
to permit analysis. The application of the 
lessons from these fires will accomplish a 
reduction in the number and serious effects 
of fires of all magnitudes. 


It has been necessary to eliminate from 


this compilation a large number of fires 
(this year 196) originally reported as in. 
volving a loss of $250,000 or mote, but 
which, by careful checking of actual prop. 
erty damages, were found to be of lesser 
magnitude. 


Change in Method of Presentation 


In the following analysis of the 1951 
large loss fires an effort has been made to 
point out for the various occupancies in- 
volved the factors responsible for the large 
losses, emphasizing the hazards peculiar to 
the occupancy where pertinent. 


On the Subject of Dollar Values 

In preparing this study and in selecting 
the fires which should be included every 
effort has been made to verify the loss fig. 
ures but they on/y show the general magni- 
tude of the damages sustained. All figures 
represent an estimate of the actual fire 
losses with the exception that where avail- 
able the Association has added figures in- 
dicating losses paid due to business inter- 
ruption. It is unfortunate that means are 
not available to evaluate this latter type ot 
financial impact on all types of properties 
sustaining fire losses so that more realistic 
and consistent loss estimates could be pub- 
lished. Actually, there are so many indirect 
losses from fires due to interruption of 
business, destruction of records, deaths, in- 
juries and displacement of personnel that 4 
true estimate of the dollar loss on these 302 
fires would be many times the figure given. 


The forest fire losses were supplied to 
the Association from the various regional 
offices of the U. S. Forest Service. 
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Principal Occupancy Breakdown 
As indicated in the table below there 
was an increase in the number of large loss 
fires in all occupancy classes with the ex- 
ception of habitational. The increase of 27 
storage fires and 20 mercantile fires was 
particularly notable. 


Occupancy Class No. of Fires by Years 


1951 1950 1949 1948 1947 
Manufacturing .. 99 83 67 92 64 
Storage 25 49 S52 45 
Mercantile 29 26 36 26 
Transportation .. at. 23 62 O72 
Habitational .... mM Soe 
Miscellaneous ... 60 66 48 59 39 


302 243 218 268 202 


Totals 


Geographical Breakdown 


Geographically, the greatest number of 
large loss fires in buildings occurred in 
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New York which had 25; California had 
23, Ohio 17, Pennsylvania 12 and Indiana 
11. Canada sustained 26 of the major 
building losses. 


Spread of Fires 

One increasing figure in this year’s rec- 
ord is the number of these fires that spread 
beyond the building of origin to exposed 
structures. One out of every four fires in- 
volved more than one building! Checking 
the reasons for this, it was notable that the 
following factors, either singularly or in 
combination, were responsible: inferior 
construction, poorly con- 
structed party walls, ordinary glass win- 
dows, interconnecting passageways or con- 
veyors. In 19 cases the fires occurred in 
congested built-up areas but in 16 other in- 
stances, space available for building sepa- 
ration was not utilized. 


combustible 


MANUFACTURING 


Abrasive Works 

This occupancy, considered relatively non- 
hazardous, experienced two of the largest losses 
of the year, one caused by explosion of LP-gas 
and the other by fire that broke out in an un- 
sprinklered sandpaper drying tunnel in an 
otherwise sprinklered building. The first of 
these, occurring on Feb. 8 at St. Paul, Minn., 
killed 14 workers and was reported in detail 
in the April 1951 Quarterly (p. 305). The 
second, occurring at Owosso, Mich. on March 
17, caused a loss of $1,250,000. In this case, 
sprinklers operated but were unable to control 
the fire because of the enormous amount of heat 
teleased from the fire in the 40 ft. by 380 ft. 
plasterboard-on-wood tunnel containing thou- 
sands of feet of paper. 


Aircraft Engine Test Cell 

The explosion which killed eight employees 
at the Allison plant at Speedway City, Ind. on 
July 12 was reported in detail in the October 
1951 Quarterly (p.95). As a result of this ex- 
plosion studies are under way to reduce the life 
hazard in this type of property. 


Brick and Tile Works 

This occupancy, which from its name might 
be considered to be immune to serious fires, sus- 
tained three losses that aggregated more than 
$1,250,000 damage. In each instance, wood 
roofs or wood roof supports, large undivided 
areas and lack of sprinkler protection were 
notable factors influencing fire spread. The 
relatively isolated location of these plants makes 
for weak water supplies. This latter factor 
showed up particularly in the Cleveland Build- 
ers’ Supply Co. fire of July 21 and the Laclede 
Christy Brick Co. fire (Cannon City, Colo.) 
Sept. 30. 


Chemical Plants 

Of the nine-large fires in chemical plants in 
1951, three occurred in butadiene plants, causing 
a total loss of $2,800,000. Equipment failures 
were responsible for two of these. An uncon- 
trolled chemical reaction caused the third. In 
all three, immediate control was impossible due 
to the large volumes of flammable vapors te- 
leased. The Koppers Co. fire at Kobuta, Pa., 
March 6, was reported in the July 1951 Quar- 
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Cleveland Plain Dealer—Ray Matjasic 


Large undivided areas, inadequate water supplies and wood construction were factors in 
the destruction of four brick kilns in this building at the Cleveland Builders Supply Co., Cleve- 


land, Ohio, June 21. 


terly (p. 66). An explosion at the Polymer 
Corp., Sarnia, Ont., May 6, was possibly due to 
the presence of oxygenated compounds, such as 
peroxides, in a butadiene separator. Preplan- 
ning for emergency at each of these plants was 
a major factor in preventing extensive damage 
to other exposed hazardous processes. 

Chemical plants manufacturing 
naval stores, insecticides, and drugs also suf- 
fered large loss fires. The inherent hazards of 
the chemicals handled were responsible for two 


lecithin, 


Dave Newman 


of these. Three employees were killed in an 
explosion of pinene vapors at the Panama City, 
Fla. plant of the American Cyanamid Co., May 
4, In this instance an uncontrolled exothermic 
reaction is believed to have caused boil-over of 
a reaction tank. Ignition of benzoyl peroxide by 
friction or heat was the reported cause of fire 
at the W. A. Cleary Corp., Franklin Twp., 
N. J., Nov. 18. 

In the Panama City fire, as in the Northwest- 
ern Chemical Co. fire at West Chicago, III., Sept. 


Top hinged explosion relief windows effectively vented the first explosion on Sept. 26 at 
the Northwestern Chemical Co., West Chicago, Ill. The second explosion, occurring in the 


basement, caused the severe structural damage. 
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LARGE LOSS FIRES OF 1951 


Wide World 
Explosion of a butadiene accumulator, possibly due to the presence of oxygenated com- 


pounds in a separator, caused the destruction of other processing equipment, a catalyst ware- 
house and a fire station at the Polymer Corp., Sarnia, Ont., May 6. 


26, violent explosions of flammable vapors dam- 
aged fire protection equipment. The West Chi- 
cago accident showed the value of explosion 
pressure relief devices. The first of two explo- 
sions at this plant was relieved with relatively 
minor damage by top hinged explosion window 
sash. However, flammable liquids found their 
way into the basement, where a second explosion 
severely damaged the fire-resistive structure. 

A broken glass plug on a 4-inch column was 
responsible for the $400,000 fire at Kay-Fries 
Chemicals, Inc., Stony Point, N. Y., June 5. 
Methyl alcohol was released and ignited. 

In seven of the nine fires in chemical plants 
large quantities of flammable liquids were in- 
volved. 


Fertilizer Works 

Large loss fires in this category occurred in a 
wet mix fertilizer plant of the Cotton States Fer- 
tilizer Co., near Macon, Ga., Aug. 9, and at 
the Naco Fertilizer Co. plant near Fort Pierce, 
Fla, Nov. 3. Both unsprinklered plants were 


located outside city limits in areas not con- 
venient to hydrants and requiring excessively 
long hose runs by responding city firemen. 


Food Products 

Ten fires in the food processing industry 
caused a total loss of $3,500,000. Four oc- 
curred in fruit packing or processing plants, all 
beyond control before discovery by outsiders 
and all in buildings without watchman or auto- 
matic protection. Typical in many respects was 
the fire at the Taggert Dried Fruit Co., near 
Hollister, Cal., Jan. 4. When discovered by an 
outsider at 10:10 P.M. fire was beyond control 
in the 22,360 sq. ft. wood building. The plant 
had no private protection and was located in 
an area without public protection. 

Two feed mill fires were similar to the four 
in fruit packing plants. Here again, fires broke 
out during the night when discovery was left to 
the chance of a passerby. Rarely have fires dis- 
covered by outsiders been small enough to be 
readily controlled. At the Nez Perce Roller 
Mills, Lewiston, Idaho, Sept. 12, it took a vio- 
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Destruction by fire of the Nez Perce Roller Mills, Lewiston, Idaho on Sept. I2th followed 
two explosions that are believed to have involved grain dust. 


lent explosion (probably grain dust) to get the 
attention of a passing motorist. 
A candy factory, pea cannery, coffee mill and 


fish packing plant completed the list of large 
loss fires in food processing plants. Despite 
the divergency of products processed the stories 
of the fires at these four plants are identical. 
In fact the following summary applies to all 
cases: ten large loss fires in the food processing 
industry, all in buildings without adequate 
private fire protection, all occurring when the 
plants were not operating, and all beyond ccn- 
trol when discovered. Other food processing 
plants should now be amply forewarned. 


Fur Works 

The one large loss in this occupancy is of par- 
ticular interest as it highlights a condition that 
should be investigated by managements of all 
plants located in areas undergoing major devel- 
opment. Sprinklers were unable to control fire 
in the third floor of Sable Furs, Ltd., Pointe aux 
Trembles, Que., Oct. 31 because of inadequate 
water supply. The supply had been adequate 
when the system was installed but during recent 
years erection of a large number of housing de- 
velopments and industrial plants in this vicinity 
without increase in water mains had resulted in 
a gradual worsening of water supplies until 
they were inadequate for the sprinkler demands. 


Jute Bags 

Smoking by a prisoner, contrary to prison 
rules, caused fire that destroyed the jute bag 
mill at San Quentin, Cal., April 19. With an 
undivided area of 79,795 sq. ft., 100,000 jute 
bags and lint covered walls and ceiling, destruc- 
tion was inevitable. 


Leather Working 

Inadequate water supply was a major factor 
also in the only large loss leather working fire 
of 1951. The plant of Ranger Boot and Shoe 
Mfg. Co., Inc., Terrell, Tex., was located in an 
area where two weak hose streams were the most 
that could be obtained from street mains. Con- 
sequently, fire involving 50 ft. at one end of 
the 496-ft.-long factory when firemen arrived 
could not be prevented from spreading through 
the undivided structure. 


Metalworking 

Twenty-seven metalworking plant fires caused 
$16,343,500 loss in 1951. In reviewing these 
fires in an attempt to discover how this un- 
favorable record could be improved, four weak- 
nesses stood out as principally responsible for 
this bad fire experience in metalworking plants. 

Number one is excessive areas. In all except 
one instance no attempt was made to subdivide 
fire areas, the average area in 14 plants where 





‘ee 


‘'. Ane EE aS SEE /./ 


a 


LARGE LOSS FIRES OF 1951 


E-/ 
et ; “~< 


Wide World 


SY 


In spite of no smoking rules, a cigarette caused the destruction of the 79,795 sq. ft. un- 
divided jute mill and adjacent boiler house at the California State Prison, San Quentin, Callif., 


April 19. 


accurate dimensions were given being 69,000 
sq. ft. The one plant in which subdivisions 
were provided suffered a large loss fire because 
the fire doors in a division wall were blocked 
open. This fire occurred at the Hoffman Radio 
Corp., Los Angeles, Calif. on June 5. Two of 
five sections of the unsprinklered 76,900 sq. ft. 
building were badly damaged because fire doors 
between two sections were open. Unblocked 
doors functioned properly to prevent spread 
to two other exposed sections. There were many 
brick partitions in the unsprinklered 53,500 
sq. ft. building occupied by the Spero Electric 
Corp., Cleveland, Ohio, but openings were not 
protected. Consequently, fire originating in the 
paint spray room on Jan. 10 was able to spread 
to all parts of the building. 


Absence of automatic sprinklers shared first 
place with excessive areas among the predomi- 
nant fire protection weaknesses in the 27 large 


loss metalworking plant fires. In 26 cases no 
sprinkler protection was provided, fire control 
being left to first aid fire equipment (pro- 
vided someone was on hand to use it) and to 
public fire protection (provided someone was on 
hand to give the alarm). It is reasonable to 
assume, for example, that sprinklers would have 
saved the plant of R. M. Price Associates, Inc., 
destroyed by fire Feb. 26 at Chesterton, Ind. 
This unsprinklered plant was closed for the 
weekend and no watchman was on hand to dis- 
cover fire, call the fire department and use first 
aid equipment. Fire was through the roof when 
seen by outsiders. 


In more than half of all large loss metal- 
worker fires, flammable liquids were responsible 
for the inception or spread of fire. Quench 
tanks, spray booths, dip tanks, oily machinery, 
drums of oil showed up repeatedly in the fire 
reports and indicated that flammable liquids is 
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the most serious special hazard in metalworking 
plants. It is gratifying to note that flammable 
hydraulic fluids, responsible for several large 
loss fires in this occupancy in recent years, were 
not a factor in the large loss fires of 1951. 

Explosive ignition of an accumulation of 
flammable vapors in the vicinity of a shellac 
dip tank dislodged the roof and caused fire that 
destroyed 90 per cent of the building housing 
the Wells Manufacturing Co., North Liberty, 
Ind. on Jan. 12. Fire Department warnings to 
improve ventilation in the paint room had not 
been followed. On Sept. 15 at Hespeler, Ont. 
a $345,000 fire occurred at the Hall Foundry 
Co., Ltd. when sparks from a cutting torch 
ignited oil-soaked sand on the floor of the core 
room. The fire spread beyond control while the 
torch operator tried to extinguish it with sand. 
It was intensified by explosion of drums of core 
oil. Other examples from the 1951 large loss 
record would serve equally well to emphasize 
the need for protection against the flammable 
liquid hazard in metalworking plants. 

In five fires, employees fought the fire with 
first aid equipment without success before calling 
the fire’ department. The large loss fire record 
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does not, of course, contain examples of the 
many times that first aid equipment has been 
successful in putting out incipient fires in metal- 
working plants. It does, however, point out the 
fallacy of delaying fire department notification 
until after first aid equipment has been used, 
The watchman and employees at the J. I. Case 
Co., Bettendorf, Iowa are to be commended for 
their action when fire broke out Jan. 13. Fire 
was discovered promptly by the watchman, the 
plant fire brigade and Bettendorf fire depart 
ment were quickly on the scene and by their 
combined action were able to confine damage to 
15 per cent of the 360,000 sq. ft. undivided and 
unsprinklered building. 

Other factors were evident in the large loss 
metalworking plant fires but did not appear 
with such consistency as excessive areas, lack of 
sprinkler protection, flammable liquids, and de. 
layed fire department notification. Fire at the 
Ohio National, Inc., plant, Upper Sandusky, 
Ohio on Jan. 30 caused $2,181,000 damage, the 
largest metalworking plant loss of the year. It 
is perhaps more than coincidence that all four 
of the predominant fire prevention weaknesses 
of metalworking plants were in evidence at this 
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Prompt detection by the watchman and good fire fighting by the J. |. Case Co. plant 
brigade and Bettendorf, lowa firemen confined damage to 15 percent of this 360,000 sq. ft. 


building on Jan. 13. 
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LARGE LOSS FIRES OF 1951 


. Open pan of paint thinner—friction spark—empty fire extinguisher—undivided and un- 
sprinklered 55,700 sq. ft. ground floor area—single hydrant on 4-inch dead end main— 
$2,181,000 loss. Ohio National, Inc., Upper Sandusky, Ohio, Jan. 30. 


fire. An undivided area of 55,700 sq. ft. was 


involved. The building was unsprinklered. 


Cause was ignition of paint thinner by sparks 
from a grinding wheel. Fire department notifi- 
cation was delayed by employees who were 
attempting to control the blaze with an empty 
carbon dioxide extinguisher. 


Mining Properties 

The only large loss fire in mine surface prop- 
etty occurred at the uranium ore milling and 
tefining plant of Eldorado Mining Co. Ltd., 
Port Radium, N. W. T., Nov. 9. Ignition of 
jute and paper bags by welding sparks was the 
probable cause. Between six and seven million 
gallons of water was used by employees to bring 
the fire under control and protect exposures. 
(See page 272 for the subsurface mine disaster 
at West Frankfort, Ill.) 


Multiple Occupancy 

Two of the three fires in this category would 
not have reached “‘large loss” proportions if 
sprinklers had been maintained in operating 
condition. At Chicago, Ill., Jan. 11, debris in 
the valve cabinet prevented the ball weight of 
an old type dry pipe valve from dropping the 
full limit to open the valve completely. Sprin- 
klers at Patchogue, N. Y. had been shut off 
during the winter months to prevent freezing. 


The fire occurred Nov. 20. In a third fire in a 
multiple occupancy plant, on Sept. 10 in an un- 
sprinklered 9-story building in New York City, 
arsonists were attempting to set fire to premises 
of a fifth story tenant when a violent explosion 
of gasoline vapors occurred, killing three men, 
setting fire to the building and shattering glass 
within a 4-block area. 


Paper Working 

Faulty equipment installed to eliminate flam- 
mable liquid hazards was responsible for two 
of the three fires in paper working plants in- 
volving losses in excess of $250,000. A $300,000 
explosion April 15 at the Industrial Tape Corp. 
plant, North Brunswick Twp., N. J., was due to 
a clogged flammable vapor exhaust duct inlet. 
Localized overheating of a paraffin dip tank 
due to a fault in the electrical heating equip- 
ment was the probable cause of the $1,005,000 
fire at the Cleveland Container Co., Cleveland, 
Nov. 1. The $502,500 fire suffered by Lesavory 
Industries, Inc., Newark, Ohio, July 22, was 
apparently caused by ignition of lint by static 
electricity at a paper machine. The unsafe prac- 
tice of storing finished products in the manu- 
facturing area instead of in a cut-off storage 
area contributed to the size of the loss in two 
instances. 
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If fires such as this one at Champaign, Ill. are to be prevented provision must be made 
to detect them promptly. This fire at the foundry of Alloy Engineering and Casting Co., Inc. 
on March 10 was beyond control when seen by an outsider at 2:05 A.M. 


Plastics Fabricating 

The two large loss fires in this class are sig- 
nificant because of the absence of good private 
fire protection equipment and practices rather 
than because of special hazards. Fire at the 
Standard Cap and Molding Co., Baltimore, Md. 
on Feb. 2 broke out at a press motor in the un- 
sprinklered building. Employees fought the fire 
with hand extinguishers and did not call the 
fire department until the blaze had spread be- 
yond control. During the night of Aug. 8 at 
Sherman-West Hollywood, Cal. fire broke out 
at the plant of Plastic Process Co., Inc. This 
building, also, was unsprinklered, and since no 
watchman or automatic detection was provided, 
fire was beyond control when seen by outsiders. 


Plastics Manufacturing 

The one large loss fire in this occupancy 
(Dow Chemical Co., Midland, Mich., April 6) 
was believed caused by static spark ignition of 
flammable vapors. However, lack of sprinklers 
and subdivisions in the 69,200 sq. ft. building 
were responsible for the extensive damage. Here 
again, the storage area was not cut off from the 
manufacturing area. 


Rubber Manufacturing 
Fire at the foam rubber processing plant of 
the Elkins-Ewell Co., Philadelphia, Pa., March 


19, originated at a vulcanizing machine. An 
explosion (reportedly of rubber solvent vapors) 
blew out front and rear windows shortly after 
employees fled the rapid spreading fire. 


Textile Working 

Three of the seven large loss fires in this 
occupancy class occurred in sprinklered build- 
ings but, because of closed valves prior to out- 
break of fire in two instances and premature 
shut-off in the third, sprinklers were not a posi- 
tive factor in fire control in any of the seven 
fires. The premature closing of sprinklers oc- 
curred during a fire at the premises of Matador, 
Inc., in Montreal (May 31), which originated 
in a sprinklered fibre mixer. Sprinklers knocked 
the fire down in the mixer and connecting te- 
ceiving bin but were shut off before fire in the 
bin had been completely extinguished. Flames 
broke from the bin and enveloped the 11,200 
sq. ft. manufacturing area. 


Vegetable Oil Refineries 

Special hazards caused two and possibly the 
third of three large loss fires in vegetable oil 
extraction plants. At San Francis¢o, Cal., April 
10, an overheated bearing at the bottom of a 
roto lift conveyor caused a $785,000 fire at the 
copra oil extraction plant of Cargill, Inc. The 
same company experienced a $485,000 loss at 
Cedar Rapids, Iowa, April 29, at their soybean 
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International 


Shortly after firemen arrived at the B. F. McDonald Co. plant, Los Angeles, Cal., unpro- 
tected steel roof supports failed and the wood roof collapsed. The fire occurred on Sunday, 
Dec. 9, and was first reported at 10:53 A.M. by the Los Angeles airport control tower a mile 
away. Watchman protection on Sundays consisted of two rounds during the day. 


Tommeryman 


Hexane vapors escaping from a solvent extraction unit at the Cedar Rapids, lowa plant 
of Cargill, Inc., on April 29 flowed 125 ft. to a boiler house and ignited. Three buildings were 
immediately enveloped in flames. 
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Fire starting in the passageway connecting the top stories of these two buildings swept 
into both structures and was not controlled before they were destroyed. The fire occurred at 
the Vaughan-Bassett Furniture Co., Galax, Va., Feb. 27. 


oil extraction plant. Trouble at a spent meal 
plug at the base of extraction equipment al- 
lowed hexane to escape. ‘Cause of a $375,000 
fire at Planters Cotton Oil Mill, Augusta, Ga., 
Oct. 26 could not be determined, although an 
overheated bearing on a seed conveyor was a 
possibility. At San Francisco no sprinkler pro- 
tection was provided. At Cedar Rapids deluge 
sprinklers held down the intensity of fire in the 
upper portion of the building, but damage to 
extraction equipment at lower levels was severe 
due to absence of supplementary water spray 
equipment. At Augusta, Ga., fire was primarily 
confined to an unsprinklered conveyor tunnel 
and did not generate sufficient heat to fuse 
sprinklers outside the tunnel. 


Woodworking Plants 
Twenty-one large loss fires occurred in wood- 


working plants in 1951. Losses aggregated 
$8,678,000. Responsibility for this destruction 
belongs to a small group of fire protection 
weaknesses, well known and common to many 
woodworking plants. These can be summarized 
briefly as (1) large areas of combustible con- 
struction, (2) poor housekeeping as indicated 
by dust accumulations on building members and 
refuse under and around buildings, (3) lack of 
automatic sprinklers, or substandard protection, 


(4) disregard of fire prevention safeguards as 
evidenced by three fires caused by welding 
sparks and three by sparks from refuse burners, 
and (5) congested buildings, shown by the 
fact that nine fires involved more than one 
building. 

Thirteen of the 21 fires occurred in sawmills, 
three in flooring mills, two in furniture factories 
and one each in ladder, sash and door, and 
wood flour mills. 


The sawmill, boiler house and drag saw at 
the High Sierra Saw Mills was destroyed by fire 
at Hallstead Flats, Cal., June 2. Ignition of 
sawdust on the framework of an undivided and 
unsprinklered 10,561 sq. ft. mill by sparks from 
a refuse burner was the probable cause. Em- 
ployees’ attempts to control ‘the fire with yard 
hydrant streams were halted when power line 
meters 22 ft. from the mill were destrcyed, 
stopping fire pumps. 

The $716,000 fire at the Vaughan-Bassett 
Furniture Co., Galax, Va., Feb. 27, was caused 
by ignition of lacquer residues being removed 
with a pick and shovel. Two connected build- 
ings of 31,340 sq. ft. and 31,970 sq. ft. ground 
floor areas were destroyed. Sprinklers were us- 
able to control the fire because of weak water 
supply, the severe hazard of nitrocellulose resi- 
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Oregon State Fire Marshal 


Dusty undivided wood buildings are susceptible to flash fires such as this one at the saw- 
mill of the Zellner Lumber Co., near Eugene, Ore. on April 21. Before firemen summoned by 
the watchman arrived, flames spread throughout the mill. 


due and dust, absence of a quick opening de- 
vice, and lack of a fire department hose con- 
nection. 

Four employees of the Wilner Wood Prod- 


ucts Co., South Paris, Me., were killed in a dust 
explosion at this wood flour mill on Feb. 16. 
No special provisions had been made to vent 
explosions in the building and in storage bins. 


STORAGE 


Agricultural Implements 

A New York dock strike forced the Massey- 
Harris Company to temporarily store a large 
quantity of farm implements. The location 
utilized was a large, wood, unsprinklered for- 
mer drill hall in Brantford, Ontario. On Nov. 
9, fire, believed caused by spontaneous ignition 
of damp wood-flour stored in bags 20 feet high, 
caused a total loss to the building and a major 
loss to the valuable implements stored therein. 


Builders’ Supplies 

In five fires in builders’ supply warehouses, 
property valued at over $2,300,000 was de- 
stroyed. In analyzing these cases it is interest- 
ing to note that two were set by boys playing in 
the vicinity and two by defective oil stoves. In 
two cases, also, those on the premises attempted 
to fight the fire with portable extinguishers, not 


calling the fire department until it was too late. 
Two of the fires originated on or adjacent to 
the loading platforms and spread into the build- 
ing. Also in two cases there were inadequate 
public or private water supplies for fire fighting. 


~ 


Chemicals 

Intense fires in storages of hazardous chemi- 
cals indicate the particular need for automatic 
protection of such properties. This was demon- 
strated in the Harwick Standard Chemical Com- 
pany fire of May 1, in Akron, Ohio, where fire- 
men were forced to fight the fire with deluge 
hose streams from the exterior because of fumes 
and intermittent violent ruptures of barrels con- 
taining combustible contents. The 26,500 sq. ft. 
building stored, among other things, liquid and 
dry resins in metal barrels and wax in cardboard 
cartons. On June 4, in South Norfolk, Va., 
6,000 tons of sodium nitrate in a 130 ft. by 502 
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Wm. L. Morgan 


Forty minutes after watchman went off duty on Dec. 8, an early morning fire originated in 
his room on the first floor of an unsprinklered food products warehouse in Monterey, Calif. 
Fire spread to an adjoining warehouse through unprotected overhead crosswalk. 


Richmond News-Leader 

A blank wall and lack of ventilating facilities handicapped firemen in controlling a severe 
fire in this storage furniture warehouse at Richmond, Va. on April 27. Sprinklers ineffective 
due to poor stock storage arrangement. 
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Syracuse Herald-Journal 
Groceries and anti-freeze were destroyed at Syracuse, N. Y. on July 16 in this food ware- 
house. No watchman—no sprinkler protection—open elevator shaft. 


ft. unsprinklered wood building produced such 
a hot fire, accompanied by muffled steam explo- 
sions, that the entire building was practically 
destroyed in thirty minutes. The Akron loss is 
estimated at $664,500, the Norfolk waste at 
$519,500. 


Cotton 

About 3,200 bales of cotton were destroyed 
when about one-half of a 67,000 sq. ft. sprin- 
klered wood-frame, metal clad warehouse was 
destroyed, in Galveston, Texas, Jan. 31. The 
wet pipe sprinkler system had been drained due 
to 17°F. temperatures. The watchman delayed 
reporting smelling smoke at 10 P.M. until he 
discovered flames at 11:19. Only effective fire 
department action saved an adjacent brewery 
and the rest of the building. This loss is esti- 
mated at $833,000, according to insurance ad- 
vice. In Humboldt, Tenn. on Sept. 14, boys 
playing among bales of cotton on the loading 
platform of a Gulf, Mobile and Ohio R. R. 
warehouse were responsible for a fire that 
caused a $600,000 loss. While only 137 bales 
of cotton are reported to have been destroyed 
other commodities and exposed buildings were 
involved to bring the loss to this high figure. 


Country Grain Elevators 
Montana was the scene of $541,000 and 
$268,000 country grain elevator fires at Billings 


(Sept. 16) and Medicine Lake (April 27) re- 
spectively. Both occurred during early morn- 
ing hours when the plants were not operating. 
Both fires were detected by outsiders. Neither 
building had automatic detection equipment. In 
neither case was it possible to restrict the fire 
to the building of origin because of the proxi- 
mity of exposed combustible structures. 


Electrical Equipment (Television Sets) 

Near Carrollton, Kentucky, a tobacco sales 
barn (a skeleton iron clad structure measuring 
468 ft. by 190 ft.) was being used during the 
off-season (early June) to store 1,650 television 
sets in pasteboard cartons. About 12:50 A.M., 
a watchman discovered a fire in the television 
storage area, but the fire was beyond control 
when the fire department arrived at this location 
beyond city limits. A $390,000 loss resulted, 
reflecting the inadvisability of such concentra- 
tions of values in unprotected locations. 


Food Storage 

About 82 per cent of the total of $2,832,000 
damages caused by five serious fires in food 
warehouses during the year was to the food 
goods themselves. High piling of stock by 
mechanical handling equipment was a notice- 
able factor. In four of the five warehouses, no 
sprinkler protection was afforded while in the 
fifth, sprinklers were out-of-service as repairs 
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General view of stove warehouse at West Kankakee, Ill. after it was destroyed by fire on 
January |. Fire spread beyond control in unprotected area and overpowered sprinklers in 


protected area. 


had not been completed from a previous serious 
fire occurring six months earlier. The two most 
serious fires occurred in California, one near 
Isleton where three persons were trapped and 
burned to death after a combustible fibreboard 
ceiling was believed ignited by sparks from the 
exhaust of a fork-lift truck. The other occurred 
at Monterey where a loss of $1,050,000 was 
sustained after fire spread from the two-story 
building of origin to an adjacent two-story can- 
nery building through an overhead, enclosed 
passageway. 


Furniture 

A million dollar fire in Richmond, Va., April 
27, a $415,500 fire in Cincinnati, May 22, and 
a $500,000 loss at Brockville, Ontario, Decem- 
ber 19, were examples of serious furniture ware- 
house blazes during 1951. The Virginia loss was 
in a 106,000 sq. ft. sprirklered one-story mason- 
ry structure where the erection of 6 ft. wide, 
3-tier shelves nullified the effective discharge of 
overhead sprinklers in stocks of mattresses and 


studio couches, As the fire spread, so many 
sprinklers opened (1,359 in all) that the avail- 
able water supply was overtaxed. Fire depart- 
ment hose streams were also not effective due 
to the shelving, impeded aisleways, and by the 
fact that the wall nearest the fire had no 
openings. 
General Storage 

Gallagher’s Warehouse in Philadelphia was 
entirely involved as fire fighters arrived follow- 
ing a citizen’s 12:25 A.M. alarm. Lack of 
watchman, automatic protection, and enclosures 
around vertical openings resulted in the total 
loss of the heavily stocked 4-story building. 


Hardware and Appliances 

Both of these serious fires involved buildings 
provided with automatic protection equipment. 
The serious Florence Stove Company fire in 
West Kankakee, Illinois, on New Year's Day 
1951 caused a $2,000,000 loss of 31,500 crated 
and cartoned gas ranges, oil stoves and heaters. 
This terrific concentration of values in a one- 
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Close-up of dry pipe valve "oe sprin- 
klers in West Kankakee, Ill. plant. Valve was 
shut off previous to fire. 


story 70,000 sq. ft. non-combustible building 
with a wood roof deck was obviously unwise 
even with sprinkler protection. Propane gas, 
leaking from a buried pipe eight feet from the 
building, followed sprinkler piping into a dry 
valve sprinkler enclosure and ignited at a 
heater therein. This valve was closed due to 
minor repairs to the system. Fire spread over- 
taxed sprinklers operating in other sections. 

At Albany, N. Y., on Oct. 14, the contents of 
a 3-story building owned by the Woodward 


Acme 
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Company were heavily damaged. While a cen- 
tral station automatic alarm system summoned 
the fire department promptly at 4:25 A.M., fire 
fighters on arrival found the second story heavi- 
ly charged with smoke. When the area was 
vented, flames appeared which caused heavy 
damage to the unsprinklered building. 


Machinery Storage 

Twenty-seven minutes after a watchman sig- 
nalled to a central station that all was in order, 
an off-duty fireman telephoned an alarm from a 
point three blocks away advising of a major fire 
in the noncombustible 57,500 sq. ft. unsprin- 
klered warehouse of the U. S. Hoffman Ma- 
chinery Corp. Contents, consisting of rolls of 
cloth and padding, laundry and dry cleaning 
machinery, were heavily damaged before firemen 
could extinguish the fire five hours later with 
nine hose lines. 


Mercantile Stocks 

Fire was neither detected promptly (watch- 
man busy cleaning boilers) nor reported 
promptly (telephone wires burned) in the 
54,750 sq. ft. undivided warehouse of Louis 
Marx and Company, McMechen, W. Va., on 
May 15. A million dollar concentration of 
metal and plastic toys packed in cartons was 
destroyed as an early morning fire collapsed the 
80 per cent all-metal building. Fire fighters 
from four towns responded to the alarm, but 
the lack of sprinklers and fire division walls 
doomed the structure to a total loss. 


Fire department response to the warehouse at McMechen, W. Va., May 15, was delayed 
as the watchman was busy with other duties (cleaning boilers) and telephone wires burned 
handicapping alarm transmission. 
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Capital Press Service 


Delayed discovery caused complete destruction of one section of a military warehouse at 
Ottawa on June 2. A fire wall prevented spread to adjoining sections in the 1,000-ft. by 
275-ft. building. U. S. and Canadian military warehouses were damaged to the extent of 


$3,500,000 by large loss fires. 


Military 

U. S. Army warehouses at Fort Meade and 
Voorheesville (N. Y.) and a Canadian Ord- 
nance Depot in Ottawa burned during the year, 
causing at léast a $3,500,000 blow to the de- 
fense of democracy. The Fort Meade fire on 
April 17 was in a 42,760 sq. ft. one-story build- 
ing protected by a rate-of-rise automatic detec- 
tion system. Apparently a smoldering fire in 
clothing had released combustible gases for 
some time before the detection equipment regis- 
tered as when doors and windows were opened 
two mild explosions occurred to completely in- 
volve the entire contents. The $2,000,000 fire 
at the Voorheesville Depot (the third serious 
fire at this Depot in 6 years) destroyed a 180 
ft. x 240 ft. section of a 960 ft. long one-story 
masonry warehouse which was in process of 
sprinkler installation. When discovered, the 
fire involved a tier of crated refrigeration ma- 
chinery. Just after firemen arrived an explosion 
occurred and the entire wood roof was involved 
in a matter of seconds thereafter. Over three- 
million gallons of water was used to quell the 
blaze. 


The Ottawa fire story is not reported in full 
detail but the property destroyed was princi- 
pally a 275 ft. by 175 ft. section of a 1,000 ft. 
long unsprinklered, brick wood-joist building. 
This section was used to store large quantities 
of paints, linseed oil, thinners and other mate- 
rials, but the exact cause of the fire was not 
reported. 


Multiple Occupancy Warehouses 

Five warehouse fires falling into the classifica- 
tion of “multiple occupancy” (more than one 
tenant owner of goods stored) resulting in an 
aggregate of $3,650,000 damages are in this 
year’s “large loss” record. None of these build- 
ings had automatic protection. 

The North La Salle St., Chicago fire of Jan. 
12 (see April 1951 Quarterly, p. 313) took the 
lives of three firemen and one member of the 
Chicago Fire Insurance Patrol when parts of two 
walls of the brick, wood-joisted building col- 
lapsed early in the fire. This loss, now estimated 
at $1,245,000 destroyed auto accessories, drapet- 
ies, bedding, office supplies, food products, etc, 
owned by various tenants. 
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In Madison, North Carolina, an old brick 
wood-joisted tobacco warehouse containing elec- 
trical appliances, tractors, fertilizers, and other 
storages, plus a battery shop (where the fire 
originated) was destroyed and flames spread to 
adjoining mercantile property. 


In Oakland, Cal., a wood frame metal clad 
railroad-owned warehouse loaded with pota- 
toes, furniture, household appliances, etc., was 
prey to a fire on March 24. Railroad tracks 
made access to the building for fire fighting 
difficult and water supplies for hose lines were 
inadequate. Another railroad-owned multiple 
occupancy warehouse burned in New Orleans, 
La., on October 31, with a loss of $566,000, 
and again water supplies at the location were 
poor. High winds drove flames over the com- 
bustible roof covering, around ends of fire walls 
and over one-foot fire wall parapets. 


One ofthe most interesting case histories in 
manual fire fighting occurred at the multi- 
tenant warehouse in Parkersburg, W. Va., on 
July 15. Set by a 15-year-old boy, the fire 
burned for at least 35 minutes in the 25,000 
sq. ft. four-story building before the alarm was 
given. Good fire fighting with large volume fog 
nozzles saved a portion of the building contain- 


Alexandria Fire Dept. 


Fire on August 24 spread across the tops of paper piled four rolls high without skids at 
Alexandria, Va. No floor drains or scuppers. 
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ing cylinders of oxygen, acetylene and propane 
and other storage which had a salvage value of 
over $25,000. This is one of the first reported 
instances of the large scale use of water fog in 
an advanced fire in a multi-storied building. 


A $776,000 loss at Horseheads, N. Y., shows 
that many tenants can suffer in one loss. The 
Corning Glass Company, the Washburn-Wilson 
Seed Co. and the U. S. Department of Agricul- 
ture had property destroyed in a one-story cin- 
der block, wood roof warehouse, and others 
might well have suffered had not mutual aid 
fire fighters responded to a call for help and 
halted the blaze against a 30 MPH wind which 
carried flames over 6 ft. parapets. 


Multi-tenancy seems to mean multi-hazards, 
possibly because the building owner does not 
have control over the goods stored (or doesn’t 
exercise his prerogatives) and, vice versa, the 
tenants do not control structural fire safeguards. 


Paper 

The Kodak Park paper storage fire of Nov. 
10 is reported in detail elsewhere in this Quar- 
terly and was clearly one of the most serious 
such losses in history. Another rolled paper loss 
occurred in Alexandria, Va., on August 24... 
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Window openings on second floor which had been bricked up to make building as near 
hermetically sealed as possible severely handicapped fire fighting in this sugar warehouse fire 


at Menominee, Mich. on March 24. 


Here also high values in one section of an un- 
sprinklered building caused the heavy loss 
which might have been higher had not auto- 
matic detection equipment brought fire fighters 
promptly, who were thus able to hold the fire 
to one section of the 45,000 sq. ft. structure. In 
Marion, Indiana, on June 7, an unsprinklered 
warehouse containing $299,000 of paper was 
destroyed as strong winds spread the flames 
over a wood roof deck having combustible cover- 
ing. Insurance protection fell over $100,000 
short of the actual calculated physical loss. Paper 
is a critical item in our national economy and 
proper safeguards are increasingly essential. 
Fear of water damage due to sprinkler leakage 
appears unjustified when viewed against the 
background of such heavy fire losses. 


Terminal Warehouses 

A lift truck knocked over a salamander in the 
Falls City Transfer Company warehouse in Jef- 
fersonville, Ind., on Jan. 25. Burning oil from 
the heater ignited paraffin coated cartons stacked 
nearby. Employees attempted to fight the fire 
with extinguishers before calling the fire depart- 
ment. With such odds, the fire department did 
well to confine the loss to the undivided un- 


sprinklered 300 ft. by 60 ft. terminal ware- 
house, especially since the exposures were dan- 
gerously close on two sides. Another combusti- 
ble terminal warehouse in Charleston, W. Va., 
burned with a $392,000 loss but this fire did 
exhibit the value of a brick fire wall with 10 ft. 
wings on each end since this wall stopped the 
spread of flames to a communicating section in 
which cotton valued at $500,000 was stored. 

Ammonia cylinders exploding in the Tenny- 
son Transfer and Storage Company warehouse 
(Boise, Idaho, Sept. 14) handicapped and im- 
periled fire fighters. The 20,300 sq. ft. undiv- 
ided, one-story masonry, wood-joisted ware- 
house was destroyed with the loss estimated at 
$329,600. 

Terminal warehouses demand periodic fire de- 
partment inspections and owner-fire department 
cooperation so that fires in such properties con- 
taining widely different commodities can be in- 
telligently handled. 


Tobacco 

Large area combustible tobacco warehouse 
fires periodically show up in the large loss fire- 
record and this year two in Kentucky are in 
cluded. One at Bowling Green on July 20 that 
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Hutchinson Leader 


Fire on April 24 started in an unsprinklered area of a warehouse at Hutchinson, Minn. 
when sparks from a welding torch ignited paper placed on floor to catch tar drippings. 


was set by a 19-year-old boy (previously ad- 
judged an idiot) destroyed $1,050,000 worth of 
tobacco. The second fire in a sales warehouse 
at Lexington on Dec. 21 destroyed about 
$300,000 worth of the leaf. In both cases supe- 
rior fire department work prevented involvement 
of serious exposures, but these fires again illus- 
trate the terrific vulnerability of such plants to 
extremely heavy losses. The taxpayer was hit 
directly by the first of these because the Com- 
modity Credit Corporation owned two-thirds of 
the tobacco stored and this much of the loss was 
thus not “covered” by insurance. 


Miscellaneous Other Warehouses 

Seven other large loss warehouse fires are on 
the records. The City of Phoenix sustained a 
$269,500 loss in a 300 ft. by 300 ft. building 
enclosing an open compound after sparks from 
a welding operation ignited a floor sweeping 
material. The Oklahoma Surplus Property 
Agency lost $1,265,000 in a fire which destroyed 
a former hangar filled with Link trainers and 
trainer parts, medical equipment, radio parts, 
office furniture, mattresses, stoves, motor vehi- 
cles and dismantled aircraft. On Mar. 24, in 
Menominee, Mich., 41,000 bags (100 Ibs.) of 
sugar, stored in a 28,500 sq. ft. unsprinklered 
warehouse, were destroyed in a serious fire 
which took firemen 32 hours to extinguish. The 
loss in this case ran to $630,000. 


In Hutchinson, Minn., a $2,100,000 fire in a 
warehouse storing adhesive tape (and raw ma- 
terials for its production) was the second 
serious loss for a single company within the year. 
In this building, having 65,000 sq. ft. floor area, 
sprinklers had been partially dismantled during 
construction of a refrigerator room. After fire 
outbreak in this unprotected area from welding 
sparks, sprinklers in the adjacent area held the 
flames in check until water supplies were de- 
pleted. Building repairs and alterations were 
thus responsible for another sprinkler “‘failure” 
(see also, for instance, the airport terminal 
building fire at Moncton, N. B., page 271). 

Storage practices influence fire safety and the 
need for more reasoned attention to storage 
methods was indicated by a fire occurring in 
Brooklyn, N. Y., on June 13. In this door, sash 
and millwork warehouse, doors were stacked flat 
in high piles and the sash in wood racks. 
Sprinklers, supplied only by a weak water sup- 
ply (that a pre-fire inspection showed might have 
cost over $100,000 to correct), were ineffective 
to combat the flames which entered the struc- 
ture from a pile of burning rubbish stacked 
against the metal siding of an exterior wall. 
Besides this handicap, four sprinklers directly 
over. the point of origin were clogged with 
stones and mud. By the time the fire depart- 
ment’s inch-and-an-eighth nozzles and one deck 
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Ronald Allen Reilly 


Fire wall, with standard protection at all openings and ten-ft. wings at each end, pre- 
vented spread to adjoining fire area where $50,000 worth of cotton was stored when fire 
destroyed a compartment of this waterfront terminal warehouse at Charleston, S.C. on July 12. 


gun flooded out the fire, damage reaching 
$380,000 had occurred. 

A warehouse fire (Brooklyn, N. Y., Nov. 26) 
involved crude rubber. In this case there were 
no sprinklers and even 22 hose streams and three 
deluge guns could not keep the blaze from ex- 
tending to four exposed buildings. 

The warehouse fire problem, as illustrated in 
some of these case histories, often is directly 
related to the nature of the occupancy. In other 
cases, the origin is similar to causes found in 


all types of structures. The fire in Corner 
Brook, Newfoundland, on December 18, is a 
final exhibit of how a ‘“‘common”’ hazard can be 
responsible for a $250,000 loss to stored whole- 
sale stocks of tires, beer, cigarettes and other 
commodities. If the furnace room had only 
been cut-off from the rest of the building the 
stock would undoubtedly have been saved. As 
it was, all was lost, and the fire departments 
responding had all they could do to protect 
exposed properties. 


MERCANTILE 


Conflagration 

On Jan. 4 fire originating in an unsprinklered 
department store in Evansville, Ind., destroyed 
two buildings, severely damaged six and moder- 
ately damaged nine. Involvement of exposed 
buildings was due primarily to absence of pro- 
tection for windows and doors. A detailed re- 
port of this conflagration was published in the 
April 1951 Quarterly (p. 309). 


Department Stores 

In addition to the Evansville, Ind., conflagra- 
tion that originated in a department store, there 
were five other losses in this occupancy, causing 
approximately $2,000,000 damage. All five oc- 
curred in  unsprinklered buildings without 
watchman protection, and in four instances fire 
had made great headway before detection by 


outsiders. The fifth fire, Sears-Roebuck Co., 


Chattanooga, Tenn., Jan. 14, was detected and 
the alarm transmitted by a central station super- 
vised automatic detection system, but because of 
the location of the fire in the inaccessible base- 
ment, the dense smoke and the windowless 
walls, fire fighters were unable to control the 
fire before it spread to the first story of the 4- 
story fire-resistive building. 


Dry Goods Stores 

One of the two large losses in this category 
originated in the unsprinklered basement, the 
other above the false ceiling of a first story. Both, 
however, were not discovered for some time and 
spread within nonfirestopped walls and above 
false ceilings. It is also notable that window- 
less walls (frequently mentioned by fire off 
cials as delaying control of fires in mercantiles) 
were a serious handicap in both these fires. 
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Acme Photo 


A $1,404,000 fire in St. Paul, Minn., April 1, knocked out this large area shopping center 
housing 19 mercantile occupancies. Flames were first detected by a passerby at 3:07 A.M. 
and spread through a fibreboard ceiling to a 2!/2-ft.-high attic concealed space. There was 
only one parapeted fire wall (see left corner of photo) in the entire structure. 


LLP pPAeEE Eres 


A dry goods store, variety store and 71 offices housed in this building at Boise, Idaho, were 
severely damaged by fire Sept. 9. Fire that had apparently been smoldering for some time 
before detection by an outsider was spread throughout the two upper floors by an explosion 
of fire gases soon after firemen arrived. 
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King's Department Store, Newark, Ohio, oc- 
cupies a fire-resistive building with an open 
freight elevator shaft and no sprinklers. Fire 
on Jan. 7 originated on-the first floor and went 
up through the shaft. Loss $408,000. 


Furniture Stores 

Because of their usually large stocks of com- 
bustible contents, furniture stores are particu- 
larly susceptible to large loss fires when housed 
in buildings without sprinklers and watchman 
protection. Six large loss fires occurred in furni- 
ture stores in 1951. All occurred during the 
night when the stores were closed; all occurred 
in unsprinklered buildings without watchman 
protection, and all were out of control when 
discovered by outsiders. Two large loss furni- 
ture store fires occurred in 1950 because of 
similar deficiencies. It is reasonable to expect 
that as long as major private fire protection 
features are omitted from a large number of 
furniture stores there will continue to be serious 
fires in this occupancy. 


The fire of April 22 at the Crescent Furniture 
Co., Edmonton, Alta., is typical of the six in 
1951 and shows the hopeless situation confront- 
ing fire fighters. In this instance fire originated 
in a packing room in the unsprinklered base- 
ment, had filled the building with dense smoke 
and had spread throughout the undivided base- 
ment during the several hours’ burning before 
detection by a passerby at 5:54 A.M. The tragic 


part of this fire was the death of a fireman 
attempting to gain entrance to the basement. 


Hardware Store 

The Baldwin Hardware Co., Tecumseh, 
Mich., occupied three adjoining 3-story build- 
ings. When fire broke out Jan. 26, open stair- 
ways, unprotected openings in party walls and 
lack of sprinklers allowed the fire to spread 
throughout ‘the three buildings. Loss was 
$310,000. 


Restaurants 

Two large loss restaurant fires occurred in 
1951, one in San Jacinto, Cal., Oct. 21, and the 
other at New Baltimore, N. Y., Oct. 30. The 
former was beyond control when discovered and 
spread to five other stores via an undivided 
attic extending above all six stores in the 1- 
story building. Ignition of grease left on the 
kitchen range in the basement was the cause of 
the New Baltimore fire. 


Stores and Apartments 

On Feb. 7 at Holly Springs, Miss., fire origi- 
nated in the store room of a first-story variety 
store and was beyond control when discovered 
by occupants of a second story apartment. Fire 
in a second case (Apr. 19 at Passaic, N. J.), 
originated in a fifth-story apartment and was 
coming from the roof when noticed. The third 


* large loss fire in this group occurred at Upper 


Darby Twp., Pa., Oct. 6. Ten first floor stores 
and 15 of 16 apartments were damaged by fire 
that originated in a basement storage room of a 
first-story drug store. 


Supermarkets 

The eight large loss supermarket fires in 1951 
represent a substantial increase over other years 
in the number of such fires — two in 1949, one 
in 1950—and justify the concern of fire pro- 
tection engineers for the fire safety of these high 
value properties. 


Although apparently incorporating the most 
modern equipment and ideas to facilitate large 
volume retail sales, these stores in many cases 
are far from ideal in their fire safety features. 
The most distressing feature of the eight stores 
visited by large loss fires in 1951 was the failure 
to provide in any instance fire barrier between 
the sales area and the storage and food prepara- 
tion area. Other recurring protection and con- 
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Los Angeles Times 

Lack of a fire wall between the main sales area of this supermarket and the storage area 
permitted a fire to spread throughout the 20,700 sq. ft. building. Los Angeles fire fighters 


were faced with a totally involved structure when they responded to the 1:45 P.M. alarm, 
April 28. Two employees died after being trapped in the area of fire origin. 


Redwood City Tribune 


An overheated incinerator chimney in contact with wood ceiling and roof supports was the 
probable cause of fire that destroyed this unsprinklered and undivided 16,725 sq. ft. super- 
market at Redwood City, Cal., May 26. Blank walls hindered access for fire fighting. 
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struction weaknesses noted as influencing extent 
of damage were absence of sprinklers and 
watchmen, undivided concealed spaces beneath 
combustible roofs, and combustible fibreboard 
ceilings. 

Two employees lost their lives attempting to 
control fire on the mezzanine of Ralph’s Market, 
Los Angeles, Cal., April 29. All patrons escaped 
safely despite the rapid spread of smoke and 
fire. However, the adequacy of exit facilities of 
supermarkets should be a major concern of 
public officials. 


Multiple Occupancy 

Six-hundred-and-seventy tenants and sixty- 
eight buildings suffered total or partial damage 
in the 18 large loss multiple occupancy fires in 
1951. None of the buildings was sprinklered 
and none had automatic detection or standard 
watchman protection. The significance of their 
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lack of private protection became evident when 
it is learned (1) that in all instances fire was 
beyond control when discovered, (2) that in 
all except three the premises of origin was 
closed for the night when fire was discovered 
and (3) that in all except three, fires occurred 
between 7 P.M. and 7 A.M. 

In multiple occupancy buildings fire preven- 
tion and protection suffers because of division 
of responsibility among multiple interests. Care- 
ful attention to these properties is called for by 
enforcement authorities. 


Miscellaneous Other Mercantiles 


A combination bar and liquor store at Cor- 
dova, Alaska, Oct. 10, a wholesale food mer- 
chant at Philadelphia, Oct. 13, and an office 
equipment store at Saginaw, Mich., Oct. 20, 
complete the list of large loss mercantile fires. 


HABITATIONAL 


Apartments 

The only large loss fire in buildings used ex- 
clusively for apartments (see also stores and 
apartments, page 266) occurred at York Twp., 
Ont., Feb. 28. Fire spread from a locker room 
in the unsprinklered basement up open stair- 
ways to upper floors of the 3-story building, 
cutting off escape of 11 occupants. They were 
fortunately rescued by fire department ladders. 


College Dormitories 

The $2,023,500 fire at Mt. St. Vincent Col- 
lege, Rockingham, N. S., Jan. 31, was reported 
in detail in the April, 1951 Quarterly (p. 320). 
A well-organized, prearranged plan of evacua- 
tion was used to remove the 300 girl students 
and 100 Sisters from the building without 
injury. 
Dwellings 

A gas explosion practically demolished the 
Gus S. Wortham mansion at Houston, Texas, 
Jan. 31. Because of the fortunate time of occur- 
rence when the mansion was temporarily unoc- 
cupied, there were no casualties. Gas was also 
responsible for the other large loss fire in this 
category, at Brighton, N. Y., Sept. 21. Explo- 
sion of natural gas in a regulator vault broke 
pressure regulators, allowing natural gas at 


high pressure to flow through street mains and 
enter dwellings. Eleven houses exploded and 
20 caught fire. Two persons were killed by the 
explosions and one died of a heart attack. For 
a detailed report see October 1951 Quarterly 


(p. 85). 


Home for Aged, Orphanage 

Twenty-eight inmates and_ seven 
women employees lost their lives in fire that 
swept the 5-story Hospice St. Cunegonde, Mont- 
real, Que., June 15. This was the largest num- 
ber of fatalities to occur in a building fire in 
1951. A detailed report of this fire appears in 
the July 1951 Quarterly (p. 31). 


women 


Seasonal Hotels 

Two unsprinklered 3-story wood hotels were 
destroyed in $250,000 fires. At Tamiskaming, 
Que., a cigarette carelessly discarded during an 
all-night party in the hotel was the probable 
cause. All occupants got out safely, but one 
man who apparently reentered the building lost 
his life. Destruction of Sherwood Lodge, Lake 
Placid, N. Y., Oct. 30, occurred when the hotel 
was closed for the season. Fire was coming 
from the roof when first seen by a neighbor 
Y% mile away. 
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Star Newspaper Service 


A carelessly discarded cigarette was the 
Vaughan Gardens Apartments, York Twp., Ont., 
spread vertically through open stairways. 


Year Round Hotels 

The Talbot Hotel, St. Thomas, Ont., was the 
only hotel to suffer a large loss fire in 1951. 
Fire had apparently been burning for some time 
in the basement before discovery by the desk 
clerk and outsiders at 3:15 A.M. When appa- 


probable cause of this $450,000 fire at the 
Feb. 28. The fire originated in the basement, 


ratus arrived hallways and stairs were impassa- 
ble and seven minutes later fire was through the 
roof of the unsprinklered 3-story brick, wood- 
joisted building. One man died in his third- 
story room. Other guests escaped down outside 
fire escapes and fire department ladders. 


TRANSPORTATION 


Aircraft 

The twenty-nine aircraft fire accidents in 1951 
caused 297 fatalities and damage conservatively 
estimated at $28,850,000. 

Students of aircraft fire safety were alarmed 
by the 12 major aircraft accidents caused by 
fires or explosions in flight during 1951. The 
military suffered the greatest number of such 
serious accidents, the B-29’s susceptibility being 
particularly notable. (The number of such losses 
is influenced by the increased use of this aircraft 
in continental training and tactical missions.) 
A total of 143 persons lost their lives in these 
fre-in-flight accidents, but it is significant that 
61 others (all military personnel) parachuted to 
safety from burning aircraft. 

The need for adequate airport rescue and fire 


fighting organizations was again noted. Seven 
accidents occurred during or immediately after 
take-off, five during normal landing maneuvres 
or after touch-down, three while attempting 
emergency landings and one while on the ground 
at an airport. Some gains in the provision of 
airport fire equipment were noted at civilian air- 
ports during the year while the military forces 
received their first production postwar (World 
War II) crash truck. 

In five of these 29 fire accidents, buildings 
were struck and involved in the damages sus- 
tained. The death toll to occupants from these 
collisions was fortunately light, only in one case 
were occupants killed. Such accidents as oc- 
curred in Elizabeth, N. J., Seattle, Wash. and 
Denver, Colo., do however raise questions as 
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The News 


This is an unretouched photo (enlarged from a small negative, taken by an amateur) of 
an engine fire in a non-scheduled airline C-46 over Elizabeth, N. J. on Dec. 17. Wing struc- 
tural failure followed the uncontrolled engine fire and the heavily loaded aircraft crashed, 


bringing death to all 56 occupants. 


to the location of airports in relation to built-up 
centers of population and the grouping of hous- 
ing around the airports themselves. 

The twenty-nine accidents reported herein 
may not be a complete list of the loss by fire of 
highly valued aircraft because military security 
is involved in some cases. 


Railroads 

Forty-six freight cars were burned in a wreck 
near Halsey, Neb., on June 18, after a defective 
wheel caused derailment while the train was 
traveling at approximately 50 MPH. Friction 
sparks might have ignited spilled crude oil and 
liquid asphalt from tank cars to start the fire. 


Ships 

Six major accidents, damaging 9 vessels, 
killing 62 persons and causing $7,527,500 prop- 
erty damage occurred in North American waters 
during 1951, excluding vessels damaged or de- 
stroyed from fires originating on piers (See 
Piers and Wharves, page 273. The heaviest 
loss of life (39 killed) and property damage 


($3,032,500) occurred in the Gulf of Mexico, 
April 20, when the empty Esso Suez collided 
with the Esso Greensboro loaded with 141,158 
barrels of crude oil. Fire was instantaneous and 
enveloped both vessels. A Marine Board of In- 
vestigation found the masters of both vessels 
failed to comply with international rules on 
operation in fog. 

Another collision fire accident occurred on 
Lake Erie on Oct. 29 when a freighter struck a 
barge loaded with 804,930 gallons cf gasoline. 
Ten were killed, many by drowning, as they 
were forced overboard to escape the flames. 

An engine room explosion killed a chief en- 
gineer and an oiler on the tanker M. V. 
Trans pet, Oct. 30 in the Gulf of St. Lawrence. 
The ensuing fire caused the 1605 net ton vessel 
to sink. 

The Erria, a Danish motor ship, was swept 
by fire off Astoria, Ore., on Dec. 20. The te- 
port of the USCG Board of Investigation has 
not been released as of date of publication. 
Eleven persons lost their lives. 
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MISCELLANEOUS 


Aircraft Hangar 

High valued contents in aircraft hangars are 
chieflly responsible for heavy losses in this type 
of property. A typical fire occurred in Boston 
on July 13 when six jet engines and a gunnery 
trainer were heavily damaged despite effective 
fire department action in restricting and knock- 
ing down the blaze. The loss is estimated at 
$400,000, ninety per cent to contents. 


Airport Terminal Building 

Sprinklers were turned off in a former hangar 
at Moncton, N. B., while it was being con- 
verted to a terminal building. The large area 
458 ft. by 224 ft. structure was reduced to 
ashes, except for a record vault after a plumber 
ignited combustible structural materials with 
sparks from a welding torch. Sprinklers were 
manually operated after detection, but a new 
second floor shielded the fire from effective roof 
sprinkler coverage. 


Alcohol Storage Tank 
Proof that the contents of an all metal welded 
steel flammable liquid storage tank can be 


Wide World 


ignited by a lightning stroke was given at the 
Carbide and Carbon Chemicals Corp.’s alcohol 
storage tank farm at Institute, W. Va., on July 
28. The lightning struck a 2,400,000-gallon 
storage tank containing over two million gallons 
of ethyl alcohol. No lightning protection had 
been provided as the NFPA Lightning Code 
states that such tanks are inherently self-pro- 
tected. 


Churches 

Four of the five “large loss” church fires of 
1951, causing an aggregate loss of $1,573,000, 
broke out while the churches were unoccupied 
and, for lack of automatic protection, were not 
discovered until outsiders were attracted to ad- 
vanced fires in these structures. The fifth fire 
at St. Joseph’s Roman Catholic Church, Pitts- 
burgh, Pa., Feb. 15, was discovered by, a choir 
boy, but was beyond control of portable fire ex- 
tinguishers and quickly spread from the choir 
loft to the roof. Concealed spaces within walls 
and beneath floors plus undivided attic or loft 
areas were notable contributing factors to the 
spread of fire in these church losses, substan- 


Lightning struck a welded steel 2,400,000-gal. storage tank containing over 2,000,000 gals. 
of ethyl alcohol at the Carbide and Carbon Chemicals Corp., at Institute, W. Va., July 28. 
An explosion followed immediately which blew the tank roof beyond the dike and spread fire 


over a considerable area. 


{ 
: 
i 
i 
i 


| 
| 





NFPA QUARTERLY — JANUARY 1952 


Charles R. Conley 

This church in Findlay, Ohio was the victim 
of delayed detection on Dec. 27. The alarm 
came only after the telephone operator got a 
consistent busy signal from the church's two 
phones and notified police. 


tiating previous church fire experience. (See 
NFPA pamphlet, “Churches Are Burning” 
available from the NFPA Executive Office, 
$1.00.) 


City Club 

Combustible 
ventilating ducts without dampers and lack of 
sprinklers contributed to the disastrous fire in 
the Denver Athletic Club on Feb. 17 in which 
four of the 100 persons in the building died. 
(See April 1951 Quarterly, p. 304.) 


decorations, open stairways, 


Country Clubs 

The use of fast burning construction without 
automatic protection in country clubs, usually 
located in areas where public protection (par- 
ticularly water supplies) is weak, produces 
conditions leading to large losses where the 
structures are of high value. These factors were 
emphasized again this year in fires near Little- 
ton, Colo., Feb. 23, in Rye, N. Y., July 27, and 
at Laval-sur-le-Lac, Que., on Sept. 10. The com- 
bined loss of these three fires was $936,500 and 
in the Littleton fire, which occurred at 5:30 
A.M., two occupants asleep on uppers floors lost 
their lives. 


Coal Mine 

The largest loss of life disaster of 1951 oc- 
curred at the mine in West Frankfort, Ill., on 
Dec. 21. A violent explosion of methane gas 
500 ft. below the surface and two miles from 


Fire caused by ignition of lubricating oil escaping under 15 psi from a turbo-generator 
caused $1,450,000 loss at the Columbus and Southern Ohio Electric Co., near Columbus, Ohio, 
June 22. The fire burned with such intensity for 45 minutes that steel roof trusses 50 ft. over- 


head collapsed. 
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International 


A severe fire, followed by a number of explosions of LP-Gas storage tanks occurred at the 
Warren Petroleum Co's. propane tank farm, Newark, N. J. on July 7. A group of 70 storage 
tanks (each 70 ft. long and 105 inches diameter) were demolished. One tank landed on a 


filling station '/2 mile away. 


the main shaft trapped 119 of the 252 men in 
the mine. 


Electric Generating Station 

A loss of $1,450,000 resulted from ignition 
of oil escaping under 15 lbs. pressure from the 
lubricating system on a 30,000-KW_ turbo- 
generator. The fire burned with such intensity 
that steel roof trusses 50 ft. overhead collapsed. 
The interruption to electric power supplied by 
the Columbus and Southern Ohio Electric Com- 
pany was a $450,000 part of the insured loss. 


Forest Fires 

The value of our forest resources can never 
be properly appreciated, but the need for such 
appreciation becomes essential by the 1951 large 
loss fire record. During the year, a mere 16 
forest fires caused $19,492,500 in losses and de- 
stroyed 247,000 acres of timber land. Five lives 
were lost fighting these fires. Causes of these 
fires could not in all cases be determined, al- 
though probable cause of 13 were: lightning 
(5), sparks from railroad trains (4), smoking 
(3), and sparks from a power saw (1). 


Garages 

Garage fires are apt to be fast spreading 
especially where flammable liquids are involved 
in the inception. Two of the four fires in this 
year’s large loss record originated while em- 
ployees were repairing or draining motor vehi- 
cle fuel tanks. In one, at Charlottetown, 
P. E. I., a mechanic was trapped in a pit when 
an electric lamp on a drop cord fell and broke 
and ignited vapor originating from open buck- 
ets of gasoline drained from a truck tank. This 
fire, before being controlled, destroyed five 
buildings and damaged five others. 


Liquefied Petroleum Gas Terminal 

A separate NFPA report on the Newark, 
N. J. propane terminal fire was published in 
the July-August 1951 Fire News (also availa- 
ble in separate pamphlet form). 


Piers and Wharves 

Combustible construction, lack of subdivision 
of superstructures and substructures, absence of 
fixed protection, the difficult access to such fires 
by land fire companies and the vulnerability of 
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Powell River News 
Firefighters in Westview, B. C. thought they had this fire under control in the early morn- 

ing hours of Jan. 27. About this time, however, the flames burned through the pier deck and 

involved the undivided wood substructure. Final extinguishment took more than 36 hours. 


ships lying alongside piers were all made evi- 
dent in the four large loss pier fires of 1951 
which caused an aggregate loss of $12,263,000. 
The largest single fire loss of the year occurred at 
a Baltimore pier on Jan. 16. Damage to the pier, 
a decommissioned 25,000-ton troop transport, a 
tug, two barges and a floating pile driver 
totalled $10,300,000. For a detailed report see 
the April 1951 Quarterly (p. 317). While this 
Baltimore fire originated in the substructure, 
the pier fires at Westview, B. C. (Jan. 27), Port 
Reading, N. J. (July 9) and Philadelphia (May 
18), all started in pier sheds or aprons. All 
these piers were of wood construction without 
subdivision (one was 1,200 ft. long) and with- 
out operating sprinklers. In three cases, the 
fires spread to shipping tied to the piers. In two 
cases men were drowned attempting to escape 
the flames. In one case gasoline and oil lines on 
the pier burned through and intensified the fire. 


Public Office Buildings 

The need for proper safeguarding of public 
records was brought home to the Michigan tax- 
payer in the fire of Feb. 8 in the State Office 
Building in Lansing. This fire was set by an 
employee who merely wanted to escape mili- 
tary duty. The resulting $2,850,000 loss was 
far more severe than what might have been 
expected because of poor record storage prac- 
tices. A complete report was published in the 
April 1951 Quarterly (p. 288). Improper 
record storage was also a vital factor in the 
Jackson County Court House fire in Jackson, 
Ohio, on Jan. 25. A large quantity of obsolete 
records in a 5,000 sq. ft. attic contributed mate- 
rially to the intensity of the fire. If records are 


worth keeping they are worth protecting and if 
they are obsolete they should be destroyed by 
less costly means. 


Petroleum Production and Distribution 

Four large loss fires originating in petroleum 
production and distribution plants caused an 
aggregate loss of $5,817,500. Included herein 
is the Kansas City flood fire of July 13, which 
started when flood waters floated gasoline stor 
age tanks from their foundations. One large 
tank struck a high tension wire, caught fire and 
exploded. Burning gasoline spreading over the 
water ignited practically all property in a 215- 
acre area, including three tank farms, two large 
lumber yards and numerous buildings housing 
small industrial plants. 

The other large loss petroleum fires occurred 
at Los Angeles, Cal., July 12, Baton Rouge, La, 
Aug. 16 and Trenton, Mich., December 5. In 
these three cases, fire damage was confined t0 
refinery property, although in the Baton Rouge 
incident explosion damage was sustained by 
glass within the city. 


Schools 

Just why it is that sprinkler protection is 
shunned by schools is difficult to understand. 
Certainly, no greater evidence of its value is 
needed than a review of the seven large loss 
school fires in this year’s record (causing a total 
of $3,239,500 loss). In each of these cases, fires 
had progressed beyond control before discovery, 
in fact, in six out of seven, outsiders were the 
first to detect flames in the unsprinklered build- 
ings involved. None had automatic detection of 
standard watchman service. In the one case where 
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Acme 

A static spark during blending of butane into gasoline in a tank containing 31,000 barrels 
of the latter was the probable cause of this refinery fire in Los Angeles, Calif., July 12. Three 
diked areas were involved before the 50-hour job of fire fighting was completed. 


At Kansas City, Mo., July 13, practically all property in a 215-acre area was destroyed by 
fire that broke out while the area was under 9 ft. of flood water. The fire started at a tank 
farm when flood water floated a gasoline storage tank from its foundation. 
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Large loss school fires usually occur in unsprinklered buildings when no one is around to 
discover the fires when still small. This was the case at the high school fire at Edwardsport, 


Ind., Nov. 10, shown in this picture. 


children were in the building (Lawrence, Mass., 
Mar. 30), previous school fire drills paid-off 
and all were safely evacuated. 


Shipyards 

Large areas of combustible construction with- 
out adequate fire breaks were common factors 
in an East Coast and a West Coast Shipyard 
when each suffered $500,000 fire losses last July 
and August. In one case (New York’s City 
Island), the origin was an explosion on a 58 ft. 
yacht undergoing fuel tank repairs. High winds 
spread the blaze in the congested area to in- 
volve five wood sheds and one brick wood-joist 
building. Five other yachts were also destroyed. 
In the West Coast fire (Tacoma, Aug. 24) fire 
was first discovered by an outsider at 2:03 A.M. 
and within seven minutes of the alarm had 
spread throughout the 150,000 sq. ft. construc- 
tion yard. 
Other Properties 

Seven other individual properties sustained 
large loss fires during 1951. The largest single 
loss occurred Jan. 15 at Anchorage when a 
49,500 sq. ft. railroad repair shop was swept by 
flames as firemen were handicapped by frozen 
hydrants and the lack of radio alarm facilities 
to call for help. 

On April 27 a newspaper printing plant in 
Sioux Falls was heavily damaged by a fire orig- 


inating in a waste paper storage room in the 
basement and the watchman delayed pulling a 
private fire alarm box until the wires had 
burned, rendering the system inoperative. 


A lumber yard fire in Philadelphia on Aug. 
28 took 30 hose streams to control. The fire, 
estimated as causing $709,500 damage, was 
apparently set by 3 boys. 


In a Milwaukee laundry on Nov. 20 a gas ex- 
plosion, occurring during attempted ignition of 
a gas fired heater for driers, was followed bya 
fire that caused $250,000 damage before being 
controlled. Fire spread to the second story 
through a conveyor. 


Collision of a gasoline tank truck with an- 
other truck in the middle of a 300 ft. long steel 
framed bridge, resulted in a serious loss neat 
Kentland, Ind., on Nov. 29. The tractor semi- 
trailer, having a capacity of 6,000 gallons, 
burned and the heat collapsed the steel bridge 
supports. The trapped truck driver was burned 
to death. 


Use of an incinerator after the vent flue had 
been removed was believed responsible for a fire 
in a New Orleans gymnasium on Dec. 13. 

Ninety file cabinets of records were lost in the 


Akers Motor Lines office building near Gas 
tonia, N. C. on Dec. 16. 
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FACTORS IN THE LARGE LOSS BUILDING FIRES 


Location of Property 


Just as many large loss structural fires 
occurred in towns of less than 20,000 pop- 
ulation (or in unincorporated areas) as in 
the larger cities of 20,000 or over. The 
record therefore shows it’s not where you 
live but how you live! A breakdown by 
major occupancies shows that while about 
60 per cent of the manufacturing plant 
losses were in the smaller towns, about 60 
per cent of the mercantile and storage fires 
occurred in the larger cities. Industry 
which moves beyond city limits must pro- 
vide commensurate full scale exterior and 
interior fire protection. Those within city 
protection zones must also incorporate in- 
terior fire detection and protection equip- 
ment if they care to safeguard high values 
of stock and storage properly. Ten per 
cent of all the large loss building fires oc- 
curred in unprotected areas. 


Construction (Basic Types) 


Half of the large loss building fires oc- 
curred in brick wood-joist buildings, about 
a third in wood or wood frame, metal clad 
buildings, 9 per cent in noncombustible or 
heavy timber and 3 per cent in fire-resis- 
tive. As would be expected, 77 per cent of 
the mercantile occupancies were housed in 
the brick wood-joist buildings, the conven- 
tional older type construction found in 
American built-up city areas. 


Although it is recognized that the com- 
bustibility of the contents is a vital factor 
in the seriousness of a fire in buildings of 
any construction, this record does show the 
inherent vulnerability of buildings having 
combustible structural elements. 


Operating Status 


When properties are idle, fires seem to 
be busiest. In the record this year approxi- 
mately 70 per cent of the large loss struc- 
tural fires occurred while the property was 


either not in operation or only in partial 
usage. 

The natural ‘‘lessons” from this experi- 
ence point to the validity of the claim that 
automatic protection is essential. In prop- 
erties not so protected efficient, well- 
trained, intelligent watchman service fol- 
lowing NFPA recommendations (Pam- 
phlet No. 601) is needed. 


Detection 


Each year outsiders are most frequently 
the first to discover the fires which develop 
into large losses. This year, 44 per cent of 
all alarms were given by passers-by. There 
are, however, significant variations among 
the broad occupancies as shown by the 80 
per cent detection by outsiders in mercan- 
tiles, contrasted with the 33 per cent in 
manufacturing. 


The reasons, of course, for the greater 
employee detection of incipient fires in 
manufacturing plants are (1) longer work- 
ing hours and (2) more fires caused by 
operating hazards. It follows that knowl- 
edge of what to do in case of fire is partic- 
ularly important in industrial occupancies. 
Procedures for calling the fire department, 
assembling the fire brigade and using fixed 
and portable fire appliances should be pre- 
arranged. 


Watchmen were the first to detect 10 
per cent of these serious fires. In 21 in- 
stances, however, watchmen failed to de- 
tect the fires promptly. In 7 instances 
watchmen fought the fire before giving 
the alarm. 


Time of Alarm 

Repeating a consistent trend, 58 per cent 
of the 251 large structural fires were ini- 
tially reported during hours of darkness. 
Stores closed for the night were visited by 
77 per cent of their fires during such shut- 
downs. Industrials experienced an increase 
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in night-time losses (63 per cent), pre- 
sumably because of longer around-the- 
clock working hours. The serious ware- 
house fires were pretty evenly distributed 
during the day and night, indicating that 
their vulnerability is not so greatly affected 
by their operations. 


Alarm Transmission 
The reliance placed on the telephone for 
alarm transmission was reemphasized by 
the study of the 1951 large loss fire record. 
Two-thirds of all the alarms were reported 
by this means as contrasted with only 18 
per cent reported by street fire alarm boxes, 
6 per cent by private boxes, 6 per cent by 
eae running to fire stations, 3 per cent 
y automatic equipment and 2 per cent by 
police radio. 


The eight cases where telephone wires 
were burned prior to their attempted use 
and the three cases where telephones were 
made inaccessible by fire spread indicate 
some of the limitations in the use of this 
equipment for alarm purposes. The tele- 
phone, of course, is frequently the most 
convenient (and quickest), and sometimes 
the only method of alarm transmission. 
Where such dependence is placed on the 
telephone, attention should be given to 
protecting circuits and locating instru- 
ments so that they will be safeguarded 
from early fire damage. 


Causes 


Research on fire causes is most difficult 
in the large loss fire experience since so 
many of these fires are beyond control 
when discovered and evidence of fire 
origin is destroyed. In 91 cases causes 
were determined with reasonable accuracy. 
In 43 of these the hazard was considered 
“special” to the occupancy, while in 37, a 
“common” hazard was involved. A five 
per cent increase in the number of incen- 
diary or suspicious fires was noted in the 
1951 record as compared with 1950. 


Private Automatic Protection Weakness 


Twenty-five large loss fires and explo- 
sions occurred in sprinklered properties, 
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resulting in $18,811,000 damages, an 
average of $752,440 per fire. This unfor. 
tunate record is, of course, influenced by 
the high value of sprinklered properties, 
but the lessons the fires teach should re. 
ceive very careful attention by all con. 
cerned. 


Closed valves were the number one 
offender. In 5 instances unsupervised 
valves were shut off due to alterations or 
repairs to the sprinkler system. Three 
valves were closed to prevent freezing and 
three were shut for undetermined reasons. 
At one plant, in Montreal, Que., sprin. 
klers operated satisfactorily but were pre. 
maturely shut off only to result in the fire 
spreading beyond control. Sprinklers can. 
not be expected to prevent large loss fires 
if they are not maintained in operating 
condition. 


Four explosions in 1951 so damaged 
sprinkler equipments that their value to 
the buildings protected was nullified. The 
blasts also killed 7 employees, 4 in the 
Wilner Wood Products plant, South Paris, 
Me., Feb. 16 and 3 at the American Cya. 
namid Co.’s plant at Panama City, Fla, 
May 4. In one additional case, the hazard 
of the occupancy was judged too severe to 
permit the ordinary type sprinkler system 
installed to function effectively. 


Inadequate water supplies for sprinklers 
accounted for three “‘failures.”” These were 
all single source systems depending on 
public water main supplies which, in the 
crucial test, were found to be inadequate 
to supply the demand of the protective de. 
vices. In two of the three cases, gravity 
tanks, constituting a second source of 
water supply, had been discontinued. 


High and otherwise improperly piled 
stock rendered sprinklers ineffective in 
fires at the Federal Millwork Corp. build. 
ers supply warehouse in Brooklyn, N. Y,, 
and at the Miller and Rhoades furniture 
warehouse at Richmond, Va. In both cases 
sprinklers operated, but their discharge 
was ineffective due to rack and horizontal 
storage of large combustible commodities 
shielded from direct water application. 


In one abrasive and one tile plant the 
provision of only partial sprinkler protec- 
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tion accounted for two other large loss 
fires. In both cases the fires originated in 
unsprinklered areas and the losses must be 
attributed to the failure of the owners to 
provide the full protection required. One 
ancient dry pipe valve failed to operate 
properly in a Chicago tenant manufactur- 
ing building which sustained a $733,000 
loss as sprinklers were denied water. 


Four large loss fires occurred in prop- 
erties protected by automatic detection 
equipment. All systems functioned to 
summon fire departments, but for one rea- 
son or another, effective manual fire fight- 
ing could not be accomplished in time to 
prevent these heavy losses, aggregating 
$1,499,500. In at least two cases evidence 
is quite conclusive that smoldering fires 
did not generate heat at a sufficient rate to 
activate promptly the installed rate-of-rise 
protection systems. 


Other private protection weaknesses 
showed up, particularly the lack of well- 
organized fire brigades, suitable special ex- 
tinguishing systems for special hazards and 
the lack of portable fire extinguishers. In 


35 cases, it is judged that the fires were too 
advanced when discovered for effective use 
of portable extinguishers. 


Character of Contents Influencing Spread 


In 58 fires flammable liquids were in- 
volved to intensify the rate and spread of 
fire in these ‘large loss’ disasters. Flam- 
mable liquids were released during these 
fires from drums, cans, etc. (32 cases), 
from industrial devices (13 cases), from 
above ground tanks (8 cases) and from 
pipe lines (6 cases). In 42 cases the flash 
point of these liquids was below 80°F. 


Heavy concentrations of combustible 
stocks in single fire areas, poor stock sub- 
divisio. and high piling were notable fac- 
tors in a large number of cases. Poor 
housekeeping conditions, including heavy 
accunulations of dusts on beams, girders, 
etc. influenced fire spread markedly in a 
tol of 23 cases. 


Structural Characteristics Influencing Spread 

In 60 per cent of the “large loss’ build- 
ing fires failure to subdivide areas to rea- 
sonable dimensions permitted the fire to 
reach “large loss’ proportions. In 68 per 
cent of the building fires, unenclosed stair 
or elevator shafts were responsible for 
multi-story fires. Among other structural 
weaknesses noted were: large undivided 
attics (14 fires), combustible fibreboard 
interior finish (8 fires), nonfirestopped 
concealed ceiling spaces (5 fires), large 
undivided basements (4 fires), and lack of 
dampers in air conditioning ducts (4 
fires). 


Windowless buildings and blank walls 
restricted freedom of fire department access 
to burning interiors in 12 fires. Lack of 
basement entry denied access in two in- 
stances. Lack of venting facilities handi- 
capped firemen in six cases. Paoperty own- 
ets, particularly those who do not previde 
adequate private fire protection, should be 
made to appreciate, before it is too late, 
the access requirements of fire departments 
answering their calls for help. 


Fire Department Activities 

There may be a tendency on the part of 
the uninformed to place major respon- 
sibility for “large loss” fires on the fire de- 
partment. However, when it is remem- 
bered that a large percentage of these fires 
were beyond control when discovered, that 
many of the properties were located in 
areas where water supplies from hydrants 
were weak or nonexistent, and that in 
ether instances fire departments estab- 
lished for small town or rural protection 
were all that were available, there is little 
justification for blaming public fire depart- 
ments for these fires. 


In 43 per cent of the fires extent of fire 
on arrival forced the fire department to 
concentrate on protecting exposures. Forty 
explosions preceding, at the start and dur- 
ing the fire complicated fire department 
operations, as did heavy smoke conditions 
in 17 cases. 
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Fire Gas Research Report 
Introductory Statement by Committee 


The large number of fire casualties from the inhalation of noxious products of 
combustion, as distinguished from burns sustained in fires, has long been of most 
serious concern to the fire protection fraternity. While the danger from flame is 
obvious and instinctively avoided, the dangers from breathing smoke, gases pro- 
duced in fires, and oxygen deficient atmospheres are often not apparent. 


Some phases of this general subject have been a matter of common knowledge 
in the fire service, but there has been a long-felt need for more exact technical in- 
formation on fire gases, the conditions of their formation in fires, their effects 
singly and in combination, and the most effective means for minimizing their 
hazard to the lives of occupants of buildings and fire service personnel. In recogni- 
tion of this need, the National Fire Protection Association in 1940 initiated a 
project for research on fire gases and subsequently received contributions to form 
this project. The war period delayed the initiation of the research, but also 
yielded additional experience records in wartime fires and incendiary warfare. 


The Committee on Fite Gas Research, which was charged by the NFPA Board 
of Directors with the responsibility for administering this project, in 1947 con- 
cluded arrangements with Arthur D. Little, Inc., consulting chemists and en- 
gineers of Cambridge, Mass., to conduct the research. This organization was 
selected because members of the staff had participated in wartime research projects 
of the Federal government concerned with fires and fire gases. It was originally 
hoped that clearance might be obtained to make publication of the resulting data 
possible. When it was apparent that such clearance could not be obtained, the 
objective of the project was altered to cover a survey and evaluation of informa- 
tion obtainable from other sources. This, it was planned, could form the basis for 
experimental research at such future time as sufficient funds become available for 
the purpose. 


A report was submitted to the Committee on Fire Gas Research by Arthur D. 
Little, Inc. in 1949. The material in this report has been edited to conform to the 
NFPA policy for publications sponsored by them and to make the material more 
useful to the fire protection fraternity. The report is presented herewith by the 
Committee on Fire Gas Research. Some controversial material contained in the 
report submitted by Arthur D. Little, Inc. has been omitted by direction of the 
Committee and the editorial changes are those intended to make the terminology 
and method of presentation consistent with fire protection practice. 


The Committee fully appreciates the need for further research in this field and 
hopes that a more complete body of technical information on fire gases may even- 
tually be developed in the interest of reducing loss of life and personal injury 


by fire. 
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The Effect of Exposure to Heat 


The systematic disturbances caused by 
the impact of heat energy on the surface of 
the body was an important cause of dis- 
ability and death in World War II. This 
led to a recognition of the importance of 
knowing the thermal tolerance of living 
tissues and the nature of somatic and cellu- 
lar changes induced by hyperthermia. 
(This latter term is used to indicate an in- 
crease of general body temperature above 
the normal level of 98.6°F or 37°C.) 
Hyperthermia, if sufficiently elevated, 


leads to irreversible cellular injury. There 
is a reciprocal relationship of time and 
temperature in the production of either 
systemic or cutaneous injury by heat. An 
additional relationship exists between the 
environmental or ambient heat, surface 
temperature, the thermal gradient through 


the skin, the pathogenesis of cutaneous 
burns and the physiological mechanisms 
by which external heat may be responsible 
for acute disability or death. 


Thermal injury may be due to flame, to 
hot air, to superheated combustion prod- 
ucts, or to live steam (above 212°F). 
When actual burning is limited or absent, 
hyperthermia may cause damage to the 
cardio-regulatory centers of the brain and 
produce such rapid organization of ventri- 
cular fibrillation that death is immediate. 
This is probably what happens in flash 
fires where excessively high ambient tem- 
peratures are produced for extremely short 
periods (i.e., 0.1-1.0 second). Approxi- 
mately 3 cal./sq.cm./minute can be ab- 
sorbed by unprotected human skin. How- 
ever, heat can be lost by the vaporization of 
surface moisture at the rate of 1 cal. /- 
sq.cm./mainute. Man’s threshold to cuta- 


neous injury may be between 1 and 2 cal./. 
sq.cm. /minute. 


The experimental investigation of the 
causes of injury and death resulting from 
fires meets such complex phenomena that 
absolute answers are not possible. Certain 
factual observations can be recorded but 
the understanding of the physiological me. 
chanisms and structures involved is, in 
many cases, a matter only of conjecture. 
The understanding of causes and relation. 
ships is of utmost importance in relation to 
protection from injury, prevention of 
death, or treatment of persons who suffer 
injury and disabilities. 


The variables which are common to all 
conflagrations are few; it is only by expe. 
rimental and controlled studies (which 
eventually lose their academic features) 
that discreet bits of information can be 
fitted into a pattern. Some of the variables 
are chemical, others are physical and as in 
all investigations involving living persons 
or animals the factors of individual resist. 
ance and susceptibility complicate the pic. 
ture to an infinite degree. 


The chief physical variable which is re. 
lated to the production of injury is intens. 
ity of heat. This may exist in a wet or dry 
atmosphere and the damage done will be 
modified accordingly. The proximity of 
the source of heat to exposed subjects, the 
maximum temperature attained, the venti- 
lation and oxygen supply, the accumula. 
tion of carbon dioxide, the presence of cat- 
bon monoxide and other toxic gases will 
similarly affect the extent of injury which 
may be sustained. Protection against these 
factors can be afforded in a variety of ways 
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but not any is completely adequate. Pro- 
tective clothing masks and general psycho- 
logical, physiological and constitutional re- 
sistance including ability to sweat and 
range of tolerance of the cardio-vascular 
system afe prominent among the factors 
which may limit injury or prevent death. 


The studies of Dr. Alan R. Moritz and 
his associates of Harvard Medical School 
which have been published since 1945 are 
the best source of information at our com- 
mand in reviewing this problem. The 
work of Moritz et al arose from the need 
for such information by the Armed Forces 
during World War II and their experi- 
mental work utilized animals of various 
species. 


In general, exposure was to various 
types and intensities of heat under con- 
trolled conditions. The routes of exposure 
were either by inhalation of superheated 
air (either dry or moist) or by exposure of 
the body surface (cutaneous). In some 
cases, exposure was of both types. The 
effects noted were either local or super- 
ficial injuries or those affecting the entire 
body and developing only when the gen- 
eral temperature of the body was raised. 
As a result of mathematical analysis of 
some of Moritz’ data, it is possible to pre- 
dict the probability and extent of injury to 
the body surface for various temperature 
ranges, 


The physical laws which relate to heat 
transfer are of great importance in relation 
to the passage of heat through the skin at 
different skin temperatures. The effect of 
different rates of heat transfer on the sub- 
surface temperature gradient of the skin 
are not greatly different than through 
other materials of the same density, con- 
sistency and general type. There is a modi- 
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fying factor which operates as a cooling 
and therefore a limiting mechanism, /.e., 
the blood vessels of several diameters with 
which the skin is well supplied and which 
serve to carry away from the area a surpris- 
ingly large quantum of heat. In fact, this 
is a function of blood which is too little 
appreciated in the light of its importance 
in the maintenance of temperature con- 
stancy of the entire body. 


One disadvantage inherent in all expe- 
rimental physiology related to heat transfer 
lies in the fact that no readily available ex- 
perimental animal has sweat glands which 
resemble those of man and which facilitate 
heat loss by vaporization. For example, 
man can lose approximately one liter of 
fluid per hour via the skin under extreme 
conditions and this results in dissipation of 
0.5-1.0 calories per square centimeter per 
minute. The animal whose skin resembles 
that of man most closely in reaction to heat 
is the young domestic pig yet the maxi- 
mum heat loss by vaporization at the body 
surface is of the order of 0.1 calories per 
Square centimeter per minute or approxi- 
mately one-fifth to one-tenth that of man. 
The thickness, cellular structure and blood 
supply of the young pig’s skin is compar- 
able to that of man and for that reason, the 
species has often been used as a test animal 
in experimental work related to heat. 


The heat capacity of porcine skin (the 
amount of heat needed to raise the tem- 
perature of 1 gram by 1°C) is about 0.7 
calory. For comparison, the heat capacity 
of water is 1.0 calory /gram /degree centi- 
grade and that of metallic silver is .06 
calory/gram/degree. This figure is the 
average of the heat capacities of the com- 
ponents of skin, 7.e., epidermis, dermis, fat 
and muscle. (See Appendix for detailed 
description of skin structure.) 
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The conductivity of skin or the rate of 
heat transfer determines the degree to 
which the skin will be burned by the appli- 
cation of heat. If the heat can be rapidly 
carried from a given site, burning will be 
less than if insulating factors hold it there. 
This shows the essential relationship be- 
tween duration of exposure and intensity 
of heat. Such a factor is not easy to deter- 
mine except under artificial conditions but 
in vitro determinations show the general 
relationship. 


Immediately after exposure to heat the 
body surface becomes “‘heat-saturated’’ fol- 
lowing which the rise in local temperature 
is slower. The secondary response to heat 
by the body surface is the accumulation of 
body fluids between dermis and epidermis, 
i.e., “blistering.” The fluids tend to slow 
down heat absorption. 


Heat from burning material can be con- 
veyed to the body surface by air conduc- 
tion, air convection or by infra-red radia- 
tion. The rate of transfer through air is 
much more rapid than through the skin 
itself. It has been maintained that the re- 
lease of toxic breakdown products after 
burns which terminate fatally may be the 
cause of death. The evidence to support 
this is of a contradictory nature and the 
concept does not seem to be well substan- 
tiated. 


Systemic Effects of Hyperthermia 


The exposure of the body surface to ex- 
cessive heat may cause rapid circulatory 
failure and death. This is brought about 
by two mechanisms. In one, the systemic 
hyperthermia caused by conduction of heat 
to the interior of the body via the blood 
stream leads to a rapid and progressive de- 
cline in blood pressure and failure of cir- 
culation due principally to peripheral vas- 
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cular collapse. In the other, circulatory 
failure is chiefly caused by changes in the 
central nervous system and may be due to 
the effect of an excessively high blood 
plasma-potassium concentration on the 
heart. Circulatory failure originating in 
the central nervous system is likely to occur 
when overheating of skin and subcuta. 
neous tissues is so intense, prolonged and 
generalized that potassium is released from 
the red blood cells rapidly and in such 
large amounts as to result in maintained 
plasma levels in excess of 11 milliequival. 
ents of potassium per liter of blood. 


In cases of thermal exposures of low in. 
tensity, peripheral circulatory failure may 
occur without sufficient rise in tissue and 
blood temperature to cause a dangerous 
rise in plasma potassium. When the ther. 
mal exposure has been sufficiently severe to 
cause fatal hyperpotassemia, the central cir. 
culatory effects are likely to be complicated 
by peripheral vascular collapse. Before 
potassium poisoning following exposure to 
heat can occur, the red blood cells must 
have a high original concentration of this 
element. Thus, fatal hyperpotassemia can 
not occur in the dog which normally has a 
low basal potassium level. Man and pig 
have a similar blood potassium level and 
so ate similarly susceptible to the develop. 
ment of fatal levels in the blood. Although 
thermal exposure may alter respiration, 
death may occur in spite of artificial respi- 
ration and this treatment does not prolong 
the survival period after exposure to heat. 


Thus, failure of the heart induced by an 
accumulation of potassium from over- 
heated red blood cells may produce death; 
the secondary mechanism is a systemic 
effect caused by conduction of heat to the 
interior of the body producing initially 
peripheral vascular collapse which eventu- 
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ally affects the heart after loss of fluid in 
the capillary beds. This does not occur 
unless the peripheral vessels are greatly 
dilated. 


In summary, the systemic disturbances 
noted in experimental hyperthermia in- 
clude: 

(1) An increase in rectal and blood tem- 
peratures although these are not as persist- 
ent as during sunstroke in human subjects. 


(2) Intravascular hemolysis but this is not 
the determining factor in survival since it 
is not seen in death from hyperthermia fol- 
lowing low intensity exposures. 

(3) The blood, following high intensity 
exposure, shows microcytosis and break- 
down of red blood cells. 


(4) An increase in clotting time and 
fragility of red cells in badly burned sub- 
jects. 

(5) An increase in plasma turbidity to- 
gether with formation of agglomerates of 
protein and enmeshed cells in wet blood 
smeats (seen in fatally burned animals). 


(6) A rise in blood pressure and —_ 


tory rates within a few seconds of ex- 
posure. The blood pressure then falls to 
subnormal levels but the respiration re- 
mains rapid until after the exposure ceases. 


(7) There are abnormalities of the elec- 
trocardiogram some appearing soon after 
the beginning of the exposure and some 
developing after the onset of circulatory 
failure. These include increased rate, de- 
creased voltage of the QRS complex, in- 
vetted T wave and ventricular extrasys- 
toles. Ventricular tachycardia, fibrillation 
and death occur after long exposure. 

(8) The blood potassium concentration is 
increased and may be 4-6 times the normal 
level. This suggests the possibility of 
acute potassium poisoning as a cause of 
death. 

(9) Pathological findings include skin 
burns, subendocardial hemorrhage and de- 


generative changes in the liver and adrenal 
cortex. 


Two animal experiments of Dutra and 
Moritz may be cited to demonstrate the re- 
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lative effects of heat and carbon monoxide 
and their relative lethality. In the first ex- 
periment, a young pig was exposed to 
burning gasoline in a sealed chamber. The 
fire was smothered in 30 seconds, but the 
pig was exposed for five additional min- 
utes. The maximum temperature attained 
was 320°C or 608°F. Immediately after 
the fire burned out the atmosphere 
breathed by the animal contained 15.5 per- 
cent oxygen, 3.9 percent carbon dioxide, 
0.8 percent carbon monoxide. 


In contrast, the expired air contained 
16.3 percent oxygen, 4.0 percent carbon 
dioxide; the alveolar air contained 14.2 
percent oxygen, 5.5 percent carbon mon- 
oxide. Normal expired air contains 19.7 
percent oxygen, 0.8 percent carbon di- 
oxide. The pig’s blood was 33 percent 
saturated with carbon monoxide. When 
sacrificed 6 hours later, no pathological 
changes were found in the respiratory sys- 
tem. 


In the second experiment, a pig of ap- 
proximately the same size and age was ex- 
posed 40 seconds to the combustion of 
gasoline which raised the temperature to 
300°C. Death occurred in 2 minutes. The 
blood was only 8 percent saturated with 
carbon monoxide, being apparently so 
limited because of the rapidity of death. 


The gas in the chamber was analyzed 
and found to contain 16.2 percent oxygen, 
4.0 percent carbon dioxide, 0.8 percent 
carbon monoxide. At autopsy, the out- 
standing findings were pharyngeal edema 
consistent with systemic hyperthermia. The 
mouth and pharynx were badly burned, 
leading to an obstructive edema. The 
trachea contained much mucus and carbon 
particles and the lungs were engorged with 
blood. The steam at 210°F caused more 
damage in the latter experiment than did 
flame at 900°F in the first experiment due 
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to the greater liberation of heat by the 
steam. In other experiments, hot air at 
347°F and 563°F caused similar swelling, 
edema and death from asphyxiation. The 
mechanism in all the animals in this series 
was an acute obstructive edema. 


Classification of Burns 


Burns of the skin are said to be of either 
first, second or third degree intensity. In 
first degree burns, there is no destruction 
of tissue or irreversible damage. Redness 
(hyperemia) or accumulation of blood in 
the subcutaneous tissues is the most promi- 
nent sign. In second degree burns, there is 
complete destruction of the epidermis or 
superficial layers with separation from the 
dermis and accumulation of tissue fluid be- 
tween the layers (“blistering”). In burns 
of the third degree, there is complete de- 
struction of both important layers of skin 
(dermis and epidermis), which is not re- 
versible. The flesh is raw and an open 
wound, highly susceptible to infection, is 
produced. If third degree burns involve 
more than one-third of the body surface 
they are generally fatal but survival from 
second degree burns covering more than 
80 percent of the body are reported. 


When skin is burned with hot water, the 
severity of burning depends largely on the 
extent of skin temperature rise and dura- 
tion of the elevated skin temperature. The 
microscopic pathological picture may vary 
from no visible cell changes to complete 
destruction. If repeated first degree burns 
occur in the same site, microscopic changes 
may occur. The time required for healing 
varies directly with the time and tempera- 
ture needed to injure. 


In early, mild burns, the first visible 
change involves swelling of the cell nuclei 
with redistribution of the chromatin mate- 
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rial. Further injury involves pyknosis (cell 
shrinkage), swelling of the cytoplasm and 
fragmentation of cells. The detachment of 
epidermis from dermis (blistering) in. 
volves changes in the basal epidermal cell 
layer or in the cement substance. When 
the temperature producing burns exceeds 
131°F, coagulation of tissue fluids occurs, 
If the temperature change is rapid, it 
masks nuclear swelling and disintegration 
of cytoplasm. Desiccation and carboniza. 
tion (charring) is the final step in the dis. 
integration of the superficial skin layers, 


When deeper (dermal) layers of skin 
are involved, the blood vessels constrict 
and then dilate immediately. If the heat 
rise is rapid, the blood vessels remain con. 
stricted and dilation is seen only in the 
deepest and best protected layers of skin. 
Other changes involve the accumulation of 
tissue fluid (edema) due to dilation of the 
small blood vessels and increased perme. 
ability which permits leakage of blood 
plasma into the tissues. 


If, in a reasonably intense exposure to 
heat in man, blistering or vesication does 
not occur, it may indicate that (a) the heat 
was not sufficient to increase the perme. 
ability of local blood vessels or (b) there 
was insufficient exposure time to allow the 
fluid to collect, or (c) the blood flow 
ceased in the area possibly due to overheat. 
ing, or (d) no dilation of the local blood 
vessels occurred, due to their insensitivity. 


Even very low skin temperatures, if ele. 
vated above normal will cause burns (e.g, 
111°F for 6 hours) if the temperature is 
sustained long enough. The severity of 
skin burns is not an index of the severity of 
systemic disturbances. Deaths from ele 
vated body temperatures may occur after 
long exposure to low intensity heat 
sources, but short exposure to high tem 
peratures does not necessarily elevate the 
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body temperature. It has been shown that 
exposures as brief as 75 seconds to a gaso- 
line fire were able to cause immediate 
death solely by overheating the skin and 
thereby elevating the body temperature. 


The time required to produce second 
degree burns of equal intensity can be seen 
from the following table: 

Time of Exposure 
1 second or less 
3 seconds 

15 seconds 

20-60 seconds 


Temperature 
2000-3000° F 
700-900°F 
212°F 
160-180°F 

Inhalation of air at the above tempera- 
tures produces burns of the respiratory 
tract with slightly longer exposure. 


Tolerance of Living Tissues for Heat 

Exposure of living animals to an air 
temperature of 752°F (400°C) for 1 min- 
ute is fatal, independent of asphyxial in- 
fluences or thermal injury of the respira- 
tory tract, either of which may lower the 
tolerance. Anesthetized animals are slight- 
ly less susceptible to heat since their body 
temperature is lower than that os conscious 
animals and more heat is needed to bring 
the internal body temperature to injurious 
levels. 


To produce cutaneous burning, it is nec- 
essaty to bring the temperature of the 
deeper layers of the epidermis to at least 
117°F (47°C). The higher the body tem- 
perature, the lower need be the skin tem- 
perature of the superficial dermis to cause 
cellular death. Exposure to an ambient air 
temperature of about 752°F (400°C) for 
90 seconds leads to a fatal hyperthermia in 
pigs, although 15 minutes’ exposure is re- 
quired at 212°F (100°C). Man requires 
almost twice the exposure of pigs to cause 
fatal hyperthermia and the sequence of 
events leading to death includes inhibition 
of respiratory centers and of the conduct- 
ing mechanism of the heart, peripheral 
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vascular collapse, with possibly an increase 
in plasma potassium and concurrent injury 
to the nervous system. 


The Effect of Inhaling Heated Air 


When hot air is passed into the trachea, 
the temperature (in the trachea) rises dur- 
ing inspiration and falls during exhalation. 
If the air is hot and dry, the temperature 
reaches a sharp peak and declines rapidly. 
If the air is moist, it reaches a peak tem- 
perature more slowly and drops much 
more slowly than with dry air, that is, 
there is a plateau effect. 


There is a sharp drop in temperature be- 
tween the source and the trachea, however 
short the distance. Moritz found that moist 
air at 662°F (350°C) at its source dropped 
to 320°-360°F (159°-182°C) inside the 
larynx. There was a drop from 932°F 
(500°C) at the source to 122°F (50°C) 
within the trachea under the influence of 
active and deep breathing. 


If the air is hot enough to damage the 
lower air passages, it is likely to cause 
death by producing obstructive edema of 
the larynx before enough time elapses to 
cause marked changes deep in the respira- 
tory tract. Thus, the lower the temperature 
of the air entering the respiratory tract 
(within certain limits) the deeper will be 
the site of injury. Other pathological find- 
ings seen in the respiratory tract after ex- 
posure to smoke and flame, include a de- 
position of carbon, reddening of the 
tracheal mucous membrane, and a slight 
accumulation of frothy edema fluid in the 
lungs. Hyperemia is prominent in the in- 
teralveolar septal capillaries with conges- 
tion of the smaller vessels. The local vas- 
cular damage with edema may contribute 
to the development of shock. 

Respiratory failure occurs before the 
heart fails and although it may be an im- 
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portant contributory factor in death from 
flame, it is probably not the most impor- 
tant one. If burning of the skin is exten- 
sive, in non-fatal cases there is a loss of 
protection ordinarily afforded by the skin 
against fluid loss and infection. 


In experiments in which anesthetized 
animals were made to inhale flame, hot air 
and live steam from a blast burner by in- 
serting a tube directly into the windpipe, it 
was found that dry heat was rapidly dissi- 
pated in transit to the lungs. There was 
drop in temperature from 719°F to 181°F 
in the lower trachea while steam cooled 
only to 167°F from 212°F (or 80% drop 
with dry heat and 20% drop with steam). 
Post mortem examination showed that 
flame and hot air lost too much of their 
heat while traversing the trachea to burn 
the lung tissue and the lower trachea was 


only mildly burned if at all. 


Steam, even though at a much lower 
temperature than hot, dry air, caused 
severe injury along the entire length of the 
trachea and in the lungs. The type of in- 
jury was a hemorrhagic edema with or 
without dilation of the large and small 
bronchi. All types of injury seemed to pre- 
dispose to the development of broncho- 
pneumonia. When hot air was not led by 
cannula beyond the glottis, edema devel- 
oped here and death followed from ob- 
structive asphyxiation. 


The Effect of Oxygen Lack 

The absorption of oxygen into the blood 
from the lungs is subject to the same phys- 
ical laws which govern the passage of gases 
through semi-permeable membranes wher- 
ever found. In atmospheres in which the 
oxygen is reduced to 12-15 percent, mus- 
cular coordination for skilled movements 
is disturbed; between 10 and 14 percent, 
consciousness continues but judgment. is 
faulty and muscular effort leads to rapid 
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fatigue. Below 6 percent, breathing ceases, 
When only 6 to 10 percent oxygen is pres. 
ent, collapse occurs quickly but rapid treat. 
ment will prevent fatal outcome. Oxygen 
concentrations below 6 percent will cause 
death to occur in 6 to 8 minutes. 


A significant fact related to oxygen defi. 
cient atmospheres is that before the oxygen 
content has become so low as to be irrespir. 
able, it may have taken up other toxic 
gases which would cause injury even in the 
presence of an adequate oxygen supply and 
be more harmful than oxygen deficiency 
alone. 


During the exertion of fire fighting, 
unconsciousness from oxygen lack may be 
instantaneous. A concentration of 4.2 per. 
cent oxygen results in a loss of coordina. 
tion in 2 minutes but consciousness lasts 
for 7 minutes or more. Recovery is prompt 
if the victim is removed to fresh air and 
caused to breathe air containing at least 14 
percent oxygen, but it must be remembered 
that exposure to heat increases the oxygen 
requirement in the same way that fever 
does. 


Much of our knowledge of respiratory 
oxygen exchange in fires has been obtained 
from experimental work, especially on 
goats. This animal is suitable because the 
affinity of its hemoglobin for carbon mon. 
oxide is almost the same as that of man. 
When animals breathe 100 percent nitro. 
gen, the oxygen saturation of arterial blood 
falls in 1 minute to 10 percent; regular 
respiration ceases in 114 minutes and 
death occurs in 4 minutes. 


A high body temperature of 108-111°F 
(42.5°-43.5°C) increases susceptibility to 
high carbon monoxide-low oxygen atmos. 
pheres. The oxygen depletion of the blood 
in fatal cases may be due to continued use 
of oxygen by the tissues after breathing 
ceases. 





Causes of Deaths in Fires 


Damage to the brain is probably signif- 
icant in causing sudden death in fires. Pa- 
tients who seem to be recovering from 
toxemia and with liver damage subsiding 
often die suddenly of respiratory failure 
without structural changes in the lungs. 
This sequence is comparable in many re- 
spects to death seen after brain injury. 


Deaths occurring in persons not exposed 
to excess heat is probably due to oxygen 
deficiency and high concentration of car- 
bon monoxide. Irritants cause great dis- 
tress and pain but are secondary in causing 
sudden death. 


In delayed deaths, that is, in individuals 
surviving more than 3 hours, there is a 
probability of sepsis, bronchopneumonia, 
and /or formation of pulmonary scar tissue 
with loss of vital function and secondary 
shock as a cause of death. 


If the subject is severely burned, death 
may be due to (1) central circulatory fail- 
ure (dilation by heat, capillary damage and 
plasma loss) because of excessive destruc- 
tion of blood in superficial peripheral ves- 
sels, (2) from release of potassium from 
circulating cells, or (3) from loss of 
plasma through damaged capillaries until 
blood volume is greatly reduced. If the 
subject is not severely burned, death may 
be due to systemic hyperthermia leading to 
heart stoppage even though the tempera- 
ture is not high enough to cause burning. 
Death (in man) from hyperthermia occurs 
when the body temperature reaches 108°F. 


Animals exposed to flame in a series of 
experiments with adequate ventilation 
showed acute respiratory depression but 
blood carboxyhemoglobin of 0 to 21 per- 
cent. Five of seven animals died in 45 min- 


utes of some form of shock, possibly due 
only to hyperthermia but with evidence of 
attendant increase in capillary permeability. 
Goats exposed to flame for 8 to 20 seconds 
usually died in 1 hour. None had sufficient 
carboxyhemoglobin in the blood to kill. 
The arterial oxygen saturation was low, 
although all breathed outdoor air. All ani- 
mals were severely burned and each had a 
high serum potassium level. The blood 
showed hemoconcentration. In three ani- 
mals, the potassium concentration was 
raised above lethal levels and one showed 
evidence of ventricular fibrillation. They 
stopped breathing before the heart symp- 
toms ceased. There was no pulmonary 
edema; lung hemorrhages were scarce and 
focal. Pulmonary hyperemia was present 
in some animals. 


Death from heat is due more particular- 
ly to the effect on the skin rather than from 
a general increase in body temperature. 
This includes (1) liberation of potassium 
into the blood stream so that fatal levels 
are reached, (2) local damage to blood 
vessels with edema which probably con- 
tributes to the development of shock, (3) 
massive stimulation of the sensory nerve 
endings, and (4) loss of protection nor- 
mally afforded by the skin against water 
loss. 


In practical situations, anoxia may 
hasten the development of ventricular 
fibrillation. Anoxia alone might cause it 
although the mechanism is uncertain. 
Gases and vapors may cause slowing of the 
heart accompanied by a fall in diastolic 
and systolic blood pressures. Adrenalin 
administered at this point might result in 
disordered rhythms and fibrillation. 
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During ventricular fibrillation, the ven- 
tricles of the heart beat very rapidly and 
out of rhythm with the auricles. The con- 
dition is rapidly fatal and may be caused by 
exposure to hydrocarbons and the simulta- 
neous hypersecretion of adrenalin from 
fear or fright. When intense emotion is 
experienced, adrenalin is secreted by the 
adrenal glands and poured into the blood 
stream. In the presence of gasoline vapors, 
the effect of adrenalin is said to be syner- 
gistic, that is, the effect of the two sub- 
stances is greater than the sum of the effect 
of the two separately. 


Moritz has listed the principal causes of 
fire deaths as follows (but not necessarily 
in their order of frequency for more than 
one cause may operate in a single case) : 


1. Carbon monoxide. 

2. Insufficient oxygen (anoxemia). 

3. Carbon dioxide and combined effect of 
carbon monoxide and carbon dioxide causing 
prolonged hyperphea. 

4. Effect of heat alone. 

5. Surgical shock. 

6. Bronchial and pulmonary edema with 
hyperemia (related to irritants, such as acid 
anhydrides, aldehydes and acids). 


7. Other toxic gases as hydrocyanic acid, 
nitrogen oxides, fluorides and chlorides. 


8. Wentricular fibrillation produced by in- 
haling vapors of hydrocarbons. 


Moritz believes that heat dilates the 
blood vessels causing capillary damage and 
loss of plasma into tissue spaces, resulting 
in local edema. In second degree burns, 
there is a loss of tissue fluid which is sec- 
ondary to a loss of plasma (especially a 
loss of plasma proteins which are needed 
to maintain osmotic relationships). Con- 
centration of the blood results and red 
blood cells plug the small vessels. Potas- 
sium is liberated from the cells and exerts 
a toxic effect on muscle fibres of the heart. 
This toxic effect is relative, for when red 
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blood cells are destroyed intracellular 
potassium is liberated and the ionic bal. 
ance of the blood favors the accumulation 
of potassium over the normal level of ex. 
tracellular sodium. This is associated with 
a decrease in blood volume, a fall in blood 
pressure and shock which, in turn, leads to 
destruction or inhibition of the cardio. 
regulatory centers in the medulla, loss of 
vagus control of the heart and even to ven. 
tricular fibrillation, resulting in rapid, ir. 
regular and incoordinated contraction of 
the heart muscle. The coronary circulation 
may then fail. Ventricular fibrillation is 
essentially a disorder of excitation and con. 
duction of the cardiac impulse. After ex. 
posure to heat during fires, ventricular 
fibrillation may be due to anoxemia or 
emotional stress as well as inhalation of 
hydrocarbon combustion products. 


In a number of unburned experimental 
animals dying of strangulation, the blood 
potassium did not exceed 12 milliequiv. 
alents per liter. A blood temperature of 
127.4°F (53°C) in capillary blood is nec. 
essary to produce toxic effects in pigs and 
it must be maintained for 15-20 minutes 
(or a skin temperature of 131°F (55°C) 
for 15-20 minutes). Two-thirds of the 
body surface must be exposed. Therefore, 
potassium is probably not responsible 
where the body is unburned as reported by 
Rubinstein and Persky. 


In the tragic Cocoanut Grove disaster in 
1942, where almost 500 lives were lost, it 
was apparent from the condition of the 
bodies that they had been exposed to 
flames of great intensity from burning ma- 
terial for a short time and for a much 
longer period to toxic combustion products 
and poisonous vapors. The exact nature of 
the gases and vapors was not established 
beyond some doubt, but it is definitely 
known that carbon monoxide and certain 
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nitrogen oxides were present. Burning 
about the head indicated that flames were 
concentrated above four feet; this finding 
makes it understandable that flame inhala- 
tion was frequent. The depth to which 
flame penetrated into the respiratory 
organs was difficult to determine, but char- 
acteristic tissue destruction was seen in the 
nostrils, larynx and trachea. Pulmonary 
edema in the Cocoanut Grove cases devel- 
oped in a very short time. The very deep 
parts of the lungs were affected. Even ex- 
tremely poisonous and irritant war gases 
do not cause pulmonary edema until some 
time has elapsed after exposure. A defi- 
ciency of oxygen in the blood (anoxemia) 
may cause pulmonary edema and when 
oxygen deficiency and irritant or toxic 
vapors are working together the time re- 
quired may be shortened. 


In only a few of the fatal Cocoanut 
Grove cases which came to autopsy was 
surface burning sufficiently extensive to 
cause death. In cases which were ‘dead on 
atrival” at various hospitals, the appear- 
ance of the body organs indicated inhala- 
tion of irritants and survival long enough 
to develop a serous but not a leucocytic 
type of reaction. 


The principal cause of death was ad- 
judged to be anoxemia, due to carbon 
monoxide and other gases. 


Pathological Findings in the Respiratory 
Tract After Heat Exposure 

One of the commonest forms of injury 
seen in fire victims is the accumulation of 
fluid in one or more parts of the respira- 
tory tract, so-called edema. It is called 
bronchial, laryngeal, or pulmonary edema 
according to the location. Edema is not 
exclusively due to inhalation of flame, 
superheated air, irritant smoke or noxious 
gases. It has been observed in experimental 
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animals exposed to flame and heat who 
had been breathing pure air through a res- 
pirator. In subjects dying immediately 
after exposure in a fire, edema is seldom 
seen and suggests that some time must 
elapse before the pathological process can 
organize. Apparently, pulmonary edema 
can be caused by hyperthermia alone and 
is also seen after exposure to carbon mon- 
oxide alone, although the latter gas is not 
considered to be an irritant. There is no 
correlation between the severity and extent 
of pulmonary or bronchial edema and the 
percent of carboxyhemoglobin in the 
blood. 


The association of edema and expo- 
sure to excessive heat has been noted by 
several investigators. It may or may not 
terminate in death but when it does, it is 
due to closure of the air passages by the 
accumulated fluid which prevents air from 
reaching the lungs, actually a form of ob- 
structive asphyxia. It may also be triggered 
by shock (accompanied by increased capil- 
lary permeability, not necessarily confined 
to the site of trauma). Psychic factors are 
probably of minor importance for the con- 
dition can be produced by exposing anes- 
thetized animals to high temperatures. 
Pulmonary edema reduces the vital capa- 
city of the lungs and is not dissimilar to 
pneumonia in this respect. In sudden 
death, pulmonary hemorrhage is a promi- 
nent finding at autopsy. The hemorrhage 
may occur very rapidly and has been seen 
in animals dying 114 to 314 minutes after 
exposure to heat, even those protected by 
respirators so that the normal carbon di- 
oxide-oxygen relationships of the blood 
are maintained. 


Pulmonary edema may develop rapidly 
following exposure to irritant gases. It 
may kill in a short time or the outcome 
may be delayed. Edema may occur with or 
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without occluding the air passages. If oc- 
clusion occurs, it may be due to partial 
plugging with cellular debris, mucus, 
fibrin and leucocytes from higher levels in 
the respiratory tree. The swelling may oc- 
clude the air passages mechanically or 
there may be a reflex closing of the glottis 
which prevents inhalation of oxygen unless 
the condition is relieved by surgical means. 
A secondary infection may occur later, 
either in the form of a chemically induced 
bronchitis or pneumonia which is usually 
refractory to treatment. 


The essential procedure in the treatment 
of edema of the respiratory organs is to 
supply oxygen by inserting a tube in the 
occluded air passages. Rest is vitally im- 
portant to enable the body to conserve 
oxygen and escape suffocation. When 
edema is present, it is important to guard 
against the development of secondary lung 
infection by antibiotics and supportive 
treatment. 


NFPA QUARTERLY — JANUARY 1952 


The respiratory injuries seen in victims 
of the Cocoanut Grove disaster varied 
from obstructive edema of the upper air 
passages, in persons with severe skin 
burns, to delayed broncho-pulmonary dam. 
age in persons showing little or no burning 
of the body surface. In others, pulmonary 
edema was caused by the inhalation of irti. 
tants. Mallory and Brickley stated that 
“anoxemia plus an irritant vapor may 
synergistically act to produce pulmonary 
edema in a very short time.” 


Acrolein and other irritants (e.g., from 
burning paint and oil) may cause exten. 
sive alveolar edema deep in the lungs. In 
the absence of irritants, edema can be 
caused by high carbon dioxide, high car. 
bon monoxide and low oxygen concentra. 
tions plus an unknown factor. High car. 
bon dioxide concentrations can cause rapid 
and deep respiratory damage due to stimu. 
lation of the respiratory center in which 
there is an effort to compensate for low 
oxygen concentrations. 


Carbon Monoxide and Carbon Dioxide 


As pointed out above, the principal 
cause of sudden death in fires may be a 
high concentration of carbon monoxide 
and a low oxygen concentration in the in- 
spired air. Equilibrium between blood and 
air with respect to these gases is never 
reached in fatal cases or in short exposures, 
but it is probably reached in prolonged ex- 
posure to low carbon monoxide tensions. 
The lethality of oxygen-carbon monoxide 
mixtures depends on the ultimate equili- 
brium in the blood between hemoglobin 
and carboxyhemoglobin, 7.e., ee 


The lethal degree of saturation of blood 
with carboxyhemoglobin lies between 60 
and 80 percent. Sudden and uncompli- 


cated deaths from carbon monoxide may 
occur in an atmosphere containing a high 
concentration of carbon dioxide. This does 
not happen when irritating combustion 
products are also present (such as alde. 
hydes and acids), for persons are driven 
from the area by the irritant gases. How. 
ever, in the vicinity of a slow burning coke 
fire, with inadequate ventilation, large vol- 
umes of carbon monoxide are produced 
and the death of an exposed person may 
be almost instantaneous. 


The amount of carbon monoxide needed 
to produce death depends on the rate at 
which the gas is inhaled and the physical 
exertion at the time of exposure. General. 
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ly, the amount of carbon monoxide which 
will produce saturation of approximately 
75 percent of the hemoglobin and trans- 
formation to carboxyhemoglobin will pro- 
duce unconsciousness and usually death. 
This degree of saturation might be accom- 
plished in 2 minutes during exertion in a 


fire. 

In the Cocoanut Grove fire in 1942, 
three persons dying en route to the hos- 
pital showed clinical and pathological 
signs of carbon monoxide poisoning but 
the blood showed a sublethal saturation 
with carbon monoxide and only traces of 
nitrogen oxides. Postmortem examination 
showed pulmonary edema, petechiae and 
dilated bronchioles, all pointing to the in- 
halation of gaseous irritants. 


There is a fallacy in accepting an abso- 
lute ‘‘threshold”’ for the toxicity of a gas. 
_ It is a misleading figure since the mini- 
mum toxic concentrations are determined 
usually in the presence of atmospheric air. 
Yet, in an actual fire, a single gas or vapor 
is seldom encountered and there is ample 
evidence to show that the sum of the toxi- 
city potential of two or more gases or 
vapors is more than additive. When en- 
countered in a fire the toxicity of such a 
mixture may be further increased by low 
oxygen concentrations and high tempera- 
tures. For example, a mixture of carbon 


Concentra- 
tion O2 


Concentra- 
tion CO: 


2.0 ness No effect. 
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monoxide and hydrogen sulfide in air, con- 
taining of each respectively 50 and 4 parts 
per 10,000 parts of air is fatal to animals 
when breathed, but neither gas in these 
concentrations is fatal when breathed alone. 


Carbon dioxide, as mentioned above, 
causes a stimulation of the respiratory 
center in the brain and if breathed in ex- 
cess during a fire, it inevitably causes an 
abnormally high intake of other gases caus- 
ing toxic or lethal interalveolar concentra- 
tions which might have been avoided if 
carbon dioxide had been absent. In con- 
centrations of 7-10 percent in atmospheric 
ait, carbon dioxide may produce death if it 
is breathed for a relatively short time. 


Carbon monoxide is dangerous only to 
red blooded mammals who have hemo- 
globin as their blood pigment. Young and 
healthy subjects are most quickly affected 
due to their active metabolism for they 
absorb the gas faster than do older persons 
with a lower metabolic activity. 


To demonstrate the effect of carbon di- 
oxide in stimulating respiration, data from 
a controlled experiment is of interest. 
Human subjects were caused to breathe 
mixtures of carbon dioxide varying from 
4.7 to 5.2 percent carbon dioxide and 15.5 
to 17.8 percent oxygen. The results may 
be summarized thus: 


Effect on Respiration 


3.5 seis. Increased respiratory effort at rest. 


2 15.8 


Shortness of breath at rest; labored breathing with pro- 


gressively more effort required above 4.5% COs. 


4.3-4.7 18.2-23.4 


Subjective symptoms of headache with symptoms of chill 
and fatigue which were less apparent when o 


gen was 


high. Depth and rate of respiration not affected. 


16.1-14.2 


Subjects not conscious of effort to breathe while at rest 


until COs reached 3.5%. 
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A formula has been derived from actual 
data by which fatal exposure to carbon 
monoxide can be predicted. 


Tx Kco=0.15 when T is time in hours 
and Keois concentration of 
carbon monoxide, 
percent. 


The symptoms which may be expected 
in one hour of exposure are: 


Copeeetion of Effect in 1 Hour Exposure 


‘O in Percent 


0.04 No symptoms. 


.06.-.07 Headache and unpleasant 
symptoms. 


0.1-0.12 
0.35 Fatal. 

One part carbon monoxide in 750 parts 
of air, if breathed for 30 minutes is dan. 
gerous. Two deep breaths of 2 percent car. 
bon monoxide may cause unconsciousness 
and death in 4 minutes. 


Dangerous. 


Specific Gas and Vapor Hazards 


Comparison of Carbon Monoxide and 
Hydrogen Sulfide 

It is not well known that a lower con- 
centration of hydrogen sulfide than of car- 
bon monoxide will disable. Carbon mon- 
oxide is 25 times as toxic as carbon dioxide 
but only about one-quarter as toxic as hy- 
drogen sulfide in equal concentrations. The 
following table shows a comparison of the 
effect of equivalent concentrations of these 

gases: 
Percent 


: Carbon Monoxide 
in Air 


0.4 Fatalin less than 1 Rapidly fatal 
hour 


0.1 Dangerous in 1+ Rapidly fatal 
hours 


0.01 Tolerable 


Hydrogen Sulfide 


Slight symptoms 


For both of these gases, the first warning 
that safe limits are being exceeded is the 
onset of headache. This should not be dis- 
regarded, however slight, for escape soon 
becomes impossible. Many casualties have 
resulted from the belief that smoke was too 
thin to contain carbon monoxide or to re- 
quire use of a respirator. Herein lies a 
fallacy for since carbon monoxide is color- 
less and odorless it has no characteristic 
which will warn of its presence. 


Like carbon monoxide, hydrogen sulfide 
is formed when combustion is incomplete. 
Burning of hair, meat, hides, and wool re- 
sults in hydrogen sulfide formation. It is 
also present in sewer gas in high concen- 
trations. It is heavier than air and collects 
near the floor or ground in stagnant air 
spaces, such as an excavation or cellar. This 
is the so-called ‘‘stink damp” which so 
complicates fire-fighting in mines. At 0.2 
percent, the sense of smell is paralyzed and 
increasing concentrations ate not distin. 
guishable to the nose. It is very toxic when 
present at .05-.07 percent by volume. 


Irritant Gases 


Although the lungs and associated struc- 
tures are the principal sites of action for 
irritant fire gases, corrosive vapors such as 
acids and aldehyde will also affect the un- 
protected skin. Whatever the tissue ex- 
posed, the effect is to cause inflammation. 
Like inflammation of bacterial origin, it is 
characterized by pain, swelling, redness 
followed by whitening of the tissue (if the 
exposure is severe) and increase in the 
local skin temperature. 
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If the concentration of irritant gas is 
high or the exposure prolonged, fluid accu- 
mulates in the respiratory organs, being 
drawn from the blood and tissues and the 
condition is called tracheal, bronchial or 
pulmonary edema according to the level in 
the respiratory tract which is affected. 


Smoke, even if composed only of finely 
divided carbon particles, may cause much 
irritation. Many smokes contain liquids in 
an atomized form or they may contain ma- 
| terial which is ordinarily solid but which 
| has been converted during the fire to a 
| gaseous form. The visible density of smoke 
_ is not an index of its toxicity. 


An example of a fire in which irritant 
gases figured largely was the Cleveland 
Clinic fire of 1931 in which 85 persons 
died immediately and 40 others developed 
fatal lung edema in 2 to 8 hours after 
being removed from the burning structure. 
In this fire, no excessive temperatures were 
reached and almost without exception 
deaths were due to inhaling nitrogen ox- 
ides from burning nitrocellulose X-ray 
films. The clinical course for most of these 
persons included a sequence of rhinitis, 
laryngitis, and tracheitis with copious 
mucus secretion. Death resulted when se- 
cretion of mucus became so extensive that 
maintenance of respiration was impossible. 
In another group, there was damage only 
to the small and deeper air passages and to 
the actual lung tissue. Associated with this 
were pulmonary edema, much bleeding in 
the deeper areas of the lungs, focal arterial 
and venous thrombosis and plugging of 
the smallest air passages by necrotic cellu- 
‘lar debris. 


The most common irritants encountered 
in fires are acetic acid, acetic anhydride, 
acrolein (from the combustion of fats, oils, 
petroleum products and in airplane crash 
fires), aldehyde, formic acid, ammonia, 
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formaldehyde, furfural, hydrogen sulfide, 
pyroligneous acid, saturated and unsatu- 
rated hydrocarbons, resins, sulfur dioxide 
and tar. Various combinations of these are 
encountered in fires involving wood, 
paper, coal, petroleum products, textiles, 
animal fats and oils. Burning wool, silk, 
rubber, photographic film, celluloid and 
plastics are also notable sources of irritant 
gases. 


While primary irritants may cause ex- 
tensive and intense injury to the surface 
tissues of the respiratory tract, they mani- 
fest little or no systemic effect in concentra- 
tions causing death. However, the second- 
aty irritants, or those acting after absorp- 
tion, do cause generalized or non-localized 
injury. If the injury is confined to the re- 
spiratory tract, it is generally noted that the 
deeper the site involved, the poorer is the 
prognosis but the less painful is the condi- 
tion. Thus, edema of the trachea or 
pharynx at the upper end of the tract is 
accompanied by great pain but the condi- 
tion clears up fairly quickly whereas pul- 
monary edema is accompanied by less pain 
but is much more serious and more com- 
monly fatal. In severe pulmonary edema, 
so great is the accumulation of fluid in the 
lungs that the patient literally drowns in 
his own body fluids. Essentially, this is 
what happens in the final stage of fatal 
pneumonia. 


In fires involving refineries and storage 
areas for petroleum products, the chief irri- 
tant is acrolein. This has been so named 
because of the acrid, sharp and irritating 
character of the vapor. It is the chief irri- 
tant in the exhaust from internal combus- 
tion engines and is often mistakenly 
assumed by mechanics to be carbon mon- 
oxide. When it is absent, they often take 
very great risks. Unburned gasoline vapors 
can be as toxic and they are often found 
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floating on water surfaces where they con- 
stitute both a toxic and fire hazard. Sewer 
gases may be combustible, explosive and 
toxic. They contain deadly hydrogen sul- 
fide and sulfur dioxide, together with 
other gaseous products of putrefying and 
fermenting material. In waterfront and 
marine fires, chlorine is produced when sea 
water acts on batteries exactly as occurs in 
submarine disasters and salvage activities. 
Many of these gases are so highly irritant 
and act so promptly that an unprotected 
man will seek to escape from them before 
the concentration becomes lethal. How- 
ever, an unprotected man, rendered uncon- 
scious or helpless for other reasons may 
succumb to them. 


Chlorine is released by the electrolysis 
of sea water, by the leakage of chlorine 
cylinders and by leakage of acid into 
bleaching powder or hypochlorites. It is 
corrosive to the body surface or lungs in 
concentrations of .004-.006% and can 
cause dangerous illness in 14 to 1 hour. 


Fires in chemical plants present as many 
fire gas problems as there are compounds 
involved. It must be assumed in such loca- 
tions that dangerous gases are present and 
the wearing of respirators never omitted. 
Textile fires in mills, weaving sheds or 
warehouses, especially those containing 
silk and wool, may produce hydrocyanic 
acid and other dangerous gases. In pure 
form, hydrogen cyanide may warn by its 
odor which resembles almonds, but in fires 
this odor is usually obscured by stronger 
odors. Collapse and death may be caused 
by hydrogen cyanide without any warning. 

A few gases deserve comment because 
of their marked toxicity. In subtoxic con- 
centrations, they are considered unpleasant 
but their lethal qualities are too little ap- 
preciated. 
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Sulfur Dioxide 


Although lethal concentrations of this 
gas are not respirable because of the in. 
tense irritation it causes, damage to unpro. 
tected or unconscious or helpless individ. 
uals may be serious. The concentration of 
sulfur dioxide detectable by odor is 3-5 
p-p-m. Irritation of the throat is caused by 
8-12 p.p.m. while 20 p.p.m. causes cough. 
ing and eye irritation. Above this concen. 
tration, irreversible injury results after ex. 
posure of one hour. 


Nitrogen Oxides 


Nitrogen oxides are much mote toxic 
than is commonly realized, since in the 
water vapor of the lungs they form nitrous 
or nitric acids. The fumes from nitric acid 
are usually nitrogen tetroxide but it is 
often mixed with nitrous oxide and nitro. 
gen dioxide. Damage from this group may 
often be sustained without marked discom- 
fort at the time of exposure. In practice, 
the chief sources are nitrocellulose contain- 
ing materials, from the decomposition of 
smokeless powder, celluloid film and py- 
roxylin plastic materials. 


Nitrogen dioxide is quite as toxic as 
hydrogen sulfide and there is a smaller 
safety margin between the minimum toxic 
and the minimum lethal dose. The slower 
action may result in edema of the respira. 
tory organs in 3-8 hours. 


10-40 p.p.m. is the maximum concentra- 
tion of nitrogen dioxide tolerable for pro- 
longed exposure. 


62 p.p.m. is the minimum which causes 
throat irritation. 


100-150 p.p.m. causes coughing and is 
dangerous for exposures of one hour. 


200-700 p.p.m. is rapidly fatal after a 
short exposure. 
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Men exposed to this fire gas should be 
kept in bed several days after even minimal 
exposure to limit the lung injury (which is 
often delayed in appearance) as much as 
possible. Nitrogen oxides tend to anaes- 
thetize the throat so that no initial discom- 
fort is experienced. 


Cyanides 

Hydrogen cyanide is formed by the ac- 
tion of water and acids on cyanides. When 
cyanides are known to be present in a 
burning building, protection should be 
assured by wearing of waterproof suits, 
gloves and a respiratory device furnished 
with a special cyanide canister. The odor 
warns of its presence but it may be ob- 
scured by other odors or the olfactory sense 
may be quickly paralyzed and unable to 
perceive increasing concentrations, espe- 
cially if the exposed person is suffering 
from an upper respiratory condition such 
as chronic sinusitis. 


Exposure to 20 p.p.m. produces slight 
symptoms in several hours and exposure to 
100 p.p.m. or 0.01 percent is very danger- 
ous for even a short time. Exposure to 
2,000 p.p.m. is invariably fatal even with 
prompt treatment. When ordinary cya- 
nides are ingested by mouth, 200 milli- 
gtams is the fatal dose. Absorption can 
take place through the skin, especially if an 
abrasion or other break in the continuity of 
the skin is present. 


Refrigerants 

Refrigerants are usually toxic at low 
concentrations, but under conditions of 
normal use are not dangerous. Many are 
fat soluble and so are effective in conform- 
ity to the Meyer-Overton law of drug 
action which postulates that substances are 
harmful in proportion to their solubility in 
fatty materials. This is intimately related 
to the ease with which they pass through 
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cellular membranes. Refrigerants which 
are harmless may be decomposed to toxic 
substances by heat or flame, and since re- 
frigerating systems ate so frequently dam- 
aged in fires they require consideration as 
fire gases. 


Underwriters’ Laboratories carried out 
an extensive study in 1933 in which they 
examined the toxicity of various refriger- 
ants at room temperatures and in the pres- 
ence of flame and hot wires. They were 
able to classify refrigerants in six classes 
on a time-concentration basis. In order of 
their decreasing toxicity, the refrigerants 
run about as follows: sulfur dioxide, am- 
monia, methyl bromide, methyl formate, 
carbon tetrachloride, dichloroethylene, 
methyl chloride, ethyl bromide, methylene 
chloride, ethyl chloride, monofluorotrich- 
loromethane, carbon dioxide, butane, 
ethane, propane, dichlorodifluoromethane 
and dichlorotetrafluoroethane. 


While all of these are toxic and even 
lethal if the exposure be long enough and 
the concentration high enough, a few of 
them deserve comment because of special 
properties. Ammonia, although it gives 
ample warning, will cause irreversible 
blindness if the exposure to 0.5 percent be 
continued for 30 minutes. Dry ammonia 
will not affect the skin, although in solu- 
tion, burns which are particularly refrac- 
tive to healing are caused. Ammonia vapor 
is combustible in air in concentrations of 
16-23 percent. 


Butane, ethane and propane were found 
ifthe study cited not to be dangerous at 5 
percent. concentration for 2-hour expo- 
sures, but higher concentrations cause 
drowsiness, anaesthesia and muscular 
weakness. 


Both ethyl bromide and ethyl chloride 
are anaesthetics and may decompose to the 
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basic elementary gases or to the acid form 
of the halogen. They give slight warning 
by odor, but a person may tolerate a harm- 
ful dose until helpless. 


Methyl bromide and methyl chloride act 
similarly to the ethyl homologues and the 
former disappears so rapidly from the body 
that no trace may be found at autopsy in a 
fatal case caused by it. Both cause perma- 
nent damage to the nervous system in non- 
fatal cases. 


Carbon Disulfide 


Carbon disulfide fumes harrass, blind 
and irritate the nose, throat and air pas- 
sages with coughing and eventual chok- 
ing due to laryngeal edema. Fumes con- 
taining carbon disulfide may cause cloud- 
ing and denuding of the cornea, leading to 
diffuse corneal opacity with possible 
edema, difficulty in breathing with event- 


ual laryngeal edema, pulmonary congestion 
and almost complete occlusion of the glot- 
tis. Deposits of carbon may be seen in the 
bronchial tree and the lung is congested 
and edematous. 


Carbon disulfide is toxic in concentra- 
tions of .05 percent and the vapor becomes 
explosive when the concentration reaches 
1.2 percent. When present to the extent 
of 3200 to 3500 parts per million, serious 
illness may be caused if breathed for 1/4 to 
1 hour. Direct skin contact with this com- 
pound should be avoided. It yields sulfur 
dioxide when burned, which in a volume 
of .02 percent may cause serious illness in 
30 minutes. Carbon disulfide may also 
yield carbon monoxide. 


The appearance of petechiae or tiny skin 
hemorrhages resembling minute bruises is 
often seen but is non-specific and does not 
necesarily indicate exposure to any given 
agent or gas. Petechiae may be present in 
anoxia from any cause and may accompany 
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pulmonary edema. Nitrogen oxides or sev. 
eral other gases may cause them. They re. 
sult from subcutaneous hemorrhage and 
may be caused by anoxia alone, which also 
alters capillary permeability resulting in 
leakage of plasma from blood vessels into 
the surrounding tissues. Petechiae do not 
necessarily indicate the presence of phos. 
gene. 
Miscellaneous Gases 

Two gases deserve mention because of 
their high toxicity, although they are infre. 
quently encountered in fires. Arsine 
(As Hg) is sometimes produced from the 
combustion of arsenical insecticides or 
from arsenical ores. 0.001 percent or 1 
part in 100,000 is fatal after exposure of 8 
hours, and 0.005 percent or 1 part in 
20,000 after an exposure of one hour. The 
onset of symptoms may be delayed only to 
be followed by a painful death in 2-5 days. 
Phosgene or carbonyl chloride (COCI,) is 
dangerous in 30-60 minutes after exposure 
to 25 p.p.m. and lethal after a few minutes’ 
exposure to 250 p.p.m. It is probable that 
this gas is formed from the breakdown of 
some of the chlorinated hydrocarbons. 


Carbon tetrachloride, used as a solvent 
and in small quantities as an extinguishing 
agent, is an anaesthetic which is lethal 
above 2.5 percent after 114 hours. 


Acetic acid vapor is formed by distilla- 
tion in fires involving wood. (This is 
essentially the process by which vinegar is 
produced synthetically.) The corrosive 
acids can produce skin burns and are dan- 
gerous, for even though they do not burn, 
they may vaporize and give off vapors 
which damage the lungs when inhaled. 
These include acetic, hydrochloric, formic, 
hydrofluoric, hydrofluosilic, nitric, and sul- 
furic acids. Peroxides act similarly and are 
very irritant to skin, eyes and lungs. They 
ate dangerous also because they are explo. 





FIRE GAS RESEARCH REPORT 


sive as well as strongly caustic. Bromine 
compounds give off a poisonous and caus- 
tic vapor when heated, and if this is in- 
haled, low concentrations may cause irre- 
parable lung damage. Picric acid is gen- 
erally classed with high explosives and 
should be so regarded. Phosphorus com- 
pounds give off phosphorus oxides and 
may form dangerous phosphorus pentasul- 
fide. Phosphorus burns to yield toxic 
fumes. 


Chemical Action and Structure 

The specialized field of molecular con- 
figuration and its relation to pharmaco- 
logical action is one which has just begun 
to come into its own. Pharmacologists are 
beginning to utilize such knowledge to 
tailor new drugs to order. However, some 
facts have been known for a long time in 


Emergency 


First aid treatment is often carried out 
by lay persons near the scene of a fire and 
the methods employed are often potential- 
ly harmful. The best measure for treating 
persons rendered unconscious by gases is 
by displacement from the lungs and ad- 
ministration of oxygen. In principle, the 
ptime factor of treatment of gas poisoning 
is elimination by the same route as that by 
which entry was effected. Gas casualties 
require specialized treatment and the need 
to call a physician promptly is obvious. 
Speed is of the greatest importance, and 
when the physician is called he should be 
told what condition he will be expected to 
treat. First aid should be started at once 
and should embody the following steps: 


1. The victim should be removed to 
fresh air. 
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relation to toxicity, and a few generailiza- 
tions are pertinent in relation to fire gases. 
For example, it has been substantiated that 
in a homologous series of hydrocarbons, 
the greater the number of carbon atoms the 
greater is the toxicity. Thus, propane and 
butane can be expected to be more toxic 
than methane. Conversely, as the number 
of hydroxyl or OH groups increases, the 
toxic action decreases. The substitution of 
a carboxyl group for a hydrogen atom pre- 
vents anaesthetic action and replacing the 
hydrogen of a carboxyl group restores the 
anaesthetic action to a certain extent. The 
substitution of a halogen for a hydrogen 
atom increases the anaesthetic action and 
also decreases the effect of a group of com- 
pounds of a homologous series on the 
nervous system. 


Treatment 


2. The victim should make as little ex- 
ertion as possible and should be carried on 
a stretcher if possible. This is to keep his 
oxygen requirement to the minimum and 
to inhibit further absorption of toxic gas 
which may be in the lungs but unabsorbed 
by the blood stream. Any additional ex- 
ertion requires the use of more oxygen and 
aggravates the condition. 

3. The victim should be kept quiet and 


warm. 


4. If he is breathing normally, no arti- 
ficial respiration should be given. Since a 
gassed person lives only 5-10 minutes 
after breathing stops, artificial respiration 
should be given promptly if needed. If 
available, oxygen should be administered 
in carbon monoxide poisoning without 
waiting for the arrival of a physician. 
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5. No liquid stimulants should be given 
to an unconscious person. There is grave 
danger that they will go into the trachea 
rather than the esophagus and add to re- 
spiratory difficulties already present or 
even drown the victim. 


Artificial respiration should be con- 
tinued for a long time. Recovery from 
oxygen deficiency is more prompt than 
when toxic gases are involved. It is trite 
but very important to remark that the time 
to learn artificial respiration is before one 
needs to use it. 


Artificial respiration should be begun 
promptly and continued until conscious- 
ness is regained or until death is pro- 
nounced by a physician. 


The administration of brandy or other 
spirits is very unwise and may add to the 
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physiological depression of the injured 
person. Dousing in cold water may cause 
shock, as will attempts to ‘‘walk”’ a gas vic. 
tim, or vigorous slapping of his feet. Rest 
and quiet are essential, and a man who has 
been unconscious should never be allowed 
to return to his post until he has had a 
period of rest. In eliminating carbon mon. 
oxide from the blood, there should be no 
interruption in treatment and artificial res. 
pitation should be continued for at least 4 
hours. The patient should not be moved 
once he is removed from danger. 


The table below shows the approximate 
time during which air or oxygen need be 
administered to eliminate 50 percent car. 
boxyhemoglobin from blood. 

By breathing air 140 minutes 

7 oxygen 85 

air plus 5% COz so “ 
oxygen plus 5% COz 20 


Appendix 


In the text, reference has been made to 
the anatomical structure of the skin and 
respiratory tract. A brief summary is in- 
cluded for orientative purposes. 


The Structure of Skin 


The skin consists of two main layers, the 
outer of which is called the epidermis and 
the inner called the dermis. Beneath these 
lies the subcutaneous tissue, a loose con- 
nective tissue containing deposits of fat. 
Properly, this latter is not a part of the 
skin but is intimately connected with it in 
structure and function. 


The outer part of skin (epidermis) con. 
sists of a basal layer where new growth 
takes place by cell division (mitosis) and 
an outer layer which is not very active 
functionally. When new cells are formed 
in the basal layer they push up to the sur. 
face of the skin, undergoing chemical 
changes while this is happening. The cell 
nucleus also changes and degenerates. 
When the cells reach the surface, the 
nucleus has usually disappeared and the 
cells are thickly packed and toughened. 
The nutrition of this layer comes by way of 
blood and lymph vessels from the lowet 
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skin layer (dermis) . There are nerve fibers 
in all layers of skin. 


The dermis is dense and can also be sub- 
divided into two layers, the upper known 
as the cwtis or papillary layer and the 
deeper or reticular layer. The sweat 
glands and the hair shafts lie in the dermis 
although they originate in the basal layer 
of the epidermis and push down into the 
dermis. The small blood vessels which 
bring nutriment to the skin extend to the 
point where the two layers of skin join 
(the dermal-epidermal interface) , then re- 
verse their direction and rejoin the under- 
lying network of blood vessels. 


The Structure of Respiratory Tract 


The mouth and nose lead to a hollow 
structure behind the soft palate which is 
called the pharynx and here the respiratory 
and digestive tracts divide into separate 


tubes. The tube which leads to the lungs 
is called the trachea. Below the pharynx is 
the larynx, and in this organ are found the 
vocal cords, important to speech. The 
opening to the Jarynx can be partially 
closed by a lid of cartilage called the epi- 
glottis. The area beneath the epiglottis 
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and within the larynx is known as the 
glottis. 


The trachea is the long tube running 
down from the larynx in front of the eso- 
phagus (/.e., at the front of the neck). It 
divides at its lower end into two short 
tubes called the bronchi, which enter the 
lungs in their mid-portion at the mid-line 
of the chest. The bronchi divide and sub- 
divide into shorter tubes called bronchioles 
which are within the lungs. The bron- 
chioles ultimately divide into alveolar 
ducts from which lead air sacs or alveoli, 
which are the most important functional 
structures in the lungs. It is here that oxy- 
gen and carbon dioxide exchange between 
blood and air takes place. 


All the structures of the respiratory sys- 
tem are lined by a structure resembling the 
skin in many respects (respiratory epithel- 
ium), which secretes mucus. 


The following tables are included to 
show the approximate concentrations of 
gases causing comparable effects in given 
unit time. It should be remembered, in 
using these tables, that the effect of a given 
concentration may be modified by a num- 
ber of factors discussed in the text. 
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PART AND PARCEL OF 


FORD’S 


‘LOOK AHEAD’ POLICY 


NEW PARTS DEPOT, CINCINNATI, OHIO 


PROTECTED AUTOMATICALLY BY 


The new Ford Parts Depot at Cincinnati, Ohio, has 
just been completed under a country-wide expansion 
program described as “part and parcel of Ford’s ‘Look 


Ahead’ policy to better serve Ford owners.” 


A criterion of practicability and efficiency, the Cincin- 
nati Depot employs a combination of ADT Central 
Station Services to provide complete AUTOMATIC 


protection against fire, burglary and other hazards. 


These include: ADT Sprinkler Supervisory and Water- 
flow Alarm and ADT Burglar Alarm Services. 


ADT Automatic Protection provides the highest degree 
of security at the lowest cost. Thousands of progressive 
business establishments from coast to coast are simi- 


larly protected. Descriptive booklets upon request. 


Controlled Companies of 
AMERICAN DISTRICT TELEGRAPH COMPANY 
155 Sixth Avenue, New York 13, N. Y. 
CENTRAL STATIONS IN PRINCIPAL CITIES 
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We engineer, design and manufacture: 


Interior Fire Alarm Signaling Systems. 

Automatic Heat Actuated Fire Alarm Signal- 
ing Systems. 

Standpipe Fire Line Control and Signaling 
Systems. 

Central Office Systems for Manual Fire, Auto- 
matic Heat Actuated Fire Alarm Systems, 
Sprinkler Alarm and Supervision, Watch 
Patrol Recording and Kindred Systeris. 

Supervisory Systems for Detecting Excessive 
Heat, Pressure and Low Voltage in Trans- 
former Sub-stations and to Automatically 
Disconnect the Sub-stations from the Line 
and Load Sides of the Systems. 

Local Sprinkler Alarm and Supervisory Sys- 
tems. 

Smoke and Heat Detecting Systems for Air 
Conditioning Systems. 

Sprinkler Waterflow Detectors. 

120 Volt A.C. Vibrating Bells. 

Emergency Switches to Shut Down Fuel Oil 
Systems, Ammonia Compressors and Air 
Conditioning Systems. 

Ground Detector Systems for Hospital Operat- 
ing Rooms. 


ACME FIRE ALARM CO,., Inc. 
106 SEVENTH AVE., NEW YORK CITY, N. Y. 
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@ Phenomenal! The one word that 
describes the meteoric acceptance by local 
building codes of CERTAIN-TEED’s amazing 
new Firestop BESTWALL. 


@ Firestop Bestwatt—the only gypsum 
wallboard with single-layer fire resistance 
of 1 hour for both walls and ceilings— 
also has received enthusiastic FHA Speci- 
fication acceptance. 


® Revolutionary Firestop BestwaALL— 
offering up to three times the fire resist- 
ance of ordinary gypsum wallboard—is 
the only firestop board listed under the 
Re-Examination Service of Underwriters 
Laboratories, Inc. and so labeled. 


And this greater fire protection costs less 
and requires minimum application time. 


Write today for a folder giving complete infor- 
mation on FIRESTOP BESTWALL—the 
remarkable CERTAIN-TEED development. 


<< Certatmn-teed 


® 
FIRESTOP BESTWALL 


now has building code accept- 
ance by many cities including: 


Atlanta, Ga. 
Baltimore, Md. 


Miami, Fila. 
Milwaukee, Wisc. 
Birmingham, Ala. 
Cleveland, Ohio 


Nashville, Tenn. 
New Orleans, La. 
Denver, Colo. Rochester, N.Y. 
Detroit, Mich. St. Louis, Mo. 
Fort Worth, Tex. Spokane, Wash. 
Kansas City, Mo. San Francisco, Calif. 


Los Angeles, Calif. 


And other areas, besides 
commissions and councils. 


Asphalt Roofing * Shingles + Sidings 
Asbestos Cement Roofing and Siding 
Shingles * Gypsum Plaster + Lath 
Wallboard * Roof Decks 
Acoustical Tile Insulation Fiberboard 
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BLOCK THAT FIRE HAZARD WITH 


The revolutionary Hooperwood Fire-Curer® process really makes 
canvas highly fire-resistant. Frre-CHrer also makes the canvas 
resistant to the ravages of water, weather, and mildew. Tensile 
strength is preserved, and the canvas stays pliable. It lasts several 
times as long as untreated canvas. 


FrreE-CuieEF is available in three forms: As finished Hooperwood 
FrrE-CHIEF Canvas; as protection we apply to the customer’s own 
fabrics; as FrrE-CH1rEF Compound to be applied to new or used 
canvas. Write us today for further information on Hooperwood 
Frre-CuteF Canvas and Frre-Cuier processing. 


General Sales Offices: Juniper and Cherry Sts., Philadelphia 7, Pa. 
320 Broadway, New York 7 « 300 W. Adams St., Chicago 6 
Hooperwood Mills: Woodberry, Baltimore 11, Md. 
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Which of these 
4 dangerous ideas do you have? 


(Any one of them could put you out of business) 


1. Do YOU HAVE THE IDEA your 
accounts receivable and other 
business records will always be 
there when they're needed 
Don’t be too sure. Man mf a busi- 
nessman has discovered, after 4 
fire, that the records he thought 
safe, were ashes . . . and the 
business that depended on them, 
totally ruined. 


4. DO YOU HAVE THE IDEA your 
fire insurance would cover all 
your losses? Take a good look at 
your policies or ask your insur- 
ance broker or C.P.A. You'll find 
you have to prepare a proof-of- 
loss statement fore you can 
collect fully. Could you do it— 
without inventory records? 


Consult classified telephone di- 
rectory for name of the Mosler 
dealer in your city, or mail coupon 


now for informative, free booklet. 


2. DO YOU HAVE THE IDEA an HAVE THE IDEA a 
old, beavy-walled safe will guard fireproof building is a sure-fire 
your records from fire? It’s a Grocaction: Just ask a fireman. 
dangerous idea. Old safes with- ou’'ll find that buildings tike 
out an Underwriters’ Laborator- this only wall-m an office fire. 
ies, Inc. “‘A’”’ Label often act as They actually make it Aotter! 

incinerators when the compere 
ture gets above 350° F. They 


cremate records. 


3. DO Y 


Don't gamble your whole business future. 
Get a modern Mosler “A” Label Record Safe. 

Better face this fact squarely: 43 out of 100 businesses that 
lose their records by fire never reopen. Don’t risk it. Decide, 
right now, that your business records are going to have real 
protection—the world’s finest. That means the protection of 
a modern Mosler “‘A” Label Record Safe that has passed the 
Independent Underwriters’ Laboratories, Inc. severest test 
for fire, impact and explosion. Consult your nearest Mosler 
dealer, he will tell you how little it costs to give your records 
and your business the protection they need. 


Se Mosler Safe “” 


Since al 
HAMILTON, OHIO 


World's largest builders of safes and vaults . . . Mosler built 
the U.S. Gold Storage Vaults at Fort Knox and the famous 
bank vaults that withstood the Atomic Bomb at Hiroshima 


The Mosler Safe Company ¢ Department NF-i Hamilton, Ohio. 


Please send me free booklet giving the latest authentic information on how 
to protect the vital records on which my business depends. 


NAME.... . POSITION. . 
FIRM NAME 


ADDRESS 
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THIS MODERN 


“Davy’s Lamp”’’ 


PROTECTS 
PROCESSING 
PLANTS 


In 1815 Sir Humphrey Davy 

first applied the principle of 

separating flammable gases 

from open flame by means of * 

a screen, The result 4 “VAREC” Fig. No. 50 

was the “Davy’s Lamp” which Flame Arrester 

gave underground coal miners . Listed by 

a chance for survival. hy ‘ Underwriters’ Laboratories 
Approved by Associated 
Factory Mutuals Laboratories 
and other governing agencies 


“VAREC” FLAME ARRESTERS utilize this age-old basic principle of heat transfer in 
protecting plants, equipment and lives against fire and explosion wherever gas or 
flammable liquids are stored. 


They stop burning gas in piping from rapidly propagating thus preventing fire and 
explosion. Heat of the flame is dissipated through the many surfaces of the multiple 
corrugated aluminum plates within the unit. Resultant heat loss, plus the tortuous 
passageways through which the flame would have to pass, stops flame propagation just 
as the copper screen did in the “Davy’s Lamp.” 


“Varec” Flame Arresters are a low cost investment 
in the utmost safety for your plans . . . consult 
your “Varec” representative or write direct. 


PROVED ond AP Pa. 


THE VAPOR RECOVERY 
SYSTEMS COMPANY 


COMPTON, CALIFORNIA, U.S. A. 
Cable Address: VAREC COMPTON USA (All Codes) 
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‘THE MASTER OF FLAME” 


ANSUL 


DRY CHEMICAL 
FIRE EXTINGUISHING 
EQUIPMENT 


Ctra in advanced engi- 


neering design and functional 
dependability ... 


Gita in fire-stopping ef- 
fectiveness with inexperienced 
operators... 


ORY CHEmical | 
FRE EXTINGUISHER, 


MODEL 20-B 


Ansul Dry Chemical 

Fire Extinguishers were FIRST 

with the GREATEST FIRE-KILLING RAT- 

INGS ever attained by hand and wheeled portable fire ex- 

tinguishers*. No type or make of extinguisher has ever exceeded Ansul’s 
effectiveness ratings for flammable liquid fires. 

Ansul features include: 1) Patented nozzle which provides the most effec- 

tive stream pattern for quick extinguishment of fires . . . in addition to 

forming a heat-shield for the operator. 2) Water-tight and corrosion-resis- 

tant construction. 3) Easy, on-the-spot recharging after use without special 


tools . . . and many others. Ansul “PLUS-FIFTY’® Dry Chemical is 


@ Ansul Chemical Company is the only 
fire extinguisher manufacturer maintain- 
ing extensive chemical research labora- 
tories in addition to a large engineering 
staff for research and development to 
maintain and improve the quality of its 
products . . . Plus the most extensive, 
best-equipped proving grounds in the 


industry. 

ss *Get the facts. See compara- 
tive effectiveness ratings for 
“i various types of approved fire 
| extinguishers based on tests 
1 by nationally recognized ap- 
roval agencies. Write for 
ile No. 815. You will re- 
ceive complete information 

and other valuable data. 


non-corrosive, non-abrasive and non-toxic. 
It is safe to use on electrical fires of any 
voltage. And ANSUL extinguishers need 
only be inspected annually, NOT RE- 
CHARGED, adding ECONOMY to 
GREATER FIRE-STOPPING EFFECTIVE. 


~ ANSUL 


CHEMICAL COMPANY 


Fire Extinguisher Division 
MARINETTE « WISCONSIN 


AND DISTRIBUTORS IN PRINCIPAL 


CITIE .S.A., CANADA AND OTHER COUNTRIES 
ANUFACTURERS OF INDUSTRIAL CHEMIC N 


A NTS AND REFRIGERATION PRODUCTS 
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Protection against FIRE in 
Fixed-Position Hazards ? 


RELY ON KIDDE CO, BUILT-IN 
SYSTEMS, HOSE RACKS, REELS! 


_. Kidde Built-in Systems are individu- 
Kidde Hose Racks ally engineered for the protection of 


and Reels permit fixed-position hazards. Operation may 
fire fighting any- ; 
where within a wide 
radius of fixed posi- hazards can often be protected from 


be manual or automatic. Several 


tion of rack or reel. a single bank of cylinders. 


Kidde Extinguishers carry highest rating of Underwriters’ Laboratories and The Factory Mutuals 


Kidde 


Walter Kidde & Company, Inc., 151 Main St., Belleville 9, N. J. 
Walter Kidde & Company of Canada, Ltd., Montreal, P. Q. 
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Now! Fenwal 


unit brings you 
unique, ew 
rate compensation 


fire detection 


AS DIFFERENT from existing principles of fire detection as the fire-fighting equipment above! 


Why risk lives and costly property re- 
lacement due to undetected fires? 

ith unique, DETECT-A-FIRE 
units you do away with time lag, 
false alarms. Based on a new rate- 
compensation principle of fire detec- 
tion, these units respond only when 
the temperature of the surrounding 
air reaches predetermined danger 
level. Recommended for plants, 
ships, institutions, commercial, mer- 
cantile, and public buildings. Listed 
by @. Approved by @ — U.S. 
Coast Guard. 


FP ee ee BCS SSS SB SSeS eS we ey 


PLEASE SEND ME THE BASIC FACTS about the new Fenwal DETECT-A-FIRE unit for 
institutional, commercial, mercantile, industrial, and marine locations. 


Name. . 

Company .. 

iia whe b eeciinerakvcceyanes ‘ rere oe 
Gi cccntonds “ hak ies ka ae oat Vor hi ne 


FENWAL, INCORPORATED 
141 Pleasant Street, Ashiand, Mass. 


los Angeles, Col. 
DETECT-A-FIRE . E 
Precise, DYNAMIC Fire Detection Temperature Control Engineers 


—_— a ee oe ee ee ee oe ee eee ee ee ee 
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“Akbar” Doors Automatically 
Block Flames—with Safety— 


at Hazardous Op 


ytd 
oe 


oo 


“Akbar,” The Steel Rolling Fire Doors Mami 
made only by Kinnear, stop fire by cutting off flame-spreading drafts 


Kinnear’s famous AKBAR Steel Rolling 
Fire Doors give you quick, positive, automatic 
protection. When fire threatens, they stop 
dangerous flame-spreading drafts, by block- 
ing ooemoes with a curtain of steel. 

et their automatic action features special 
provisions for the safety of building occu- 
pants. In emergency release, they are pushed 
down by a eng seating spring, to assure 
positive action. Their downward speed is 
controlled as a safety measure for anyone 
passing underneath as the doors are released. 

Another device stops the door positively 
at floor level—with the steel door curtain 
covering the entire opening. The door won’t 


Saving Ways in Doorways 


INNEAR 


sag, or drop through a fire-weakened sill. 
In addition, the doors may be opened after 
automatic closure, for emergency escape. 

When not in use, Akbar Doors 1..u0in 
coiled overhead, out of the way. Approved 
and labeled by Underwriters’ Laboratories, 
Inc., they have saved as much as one third of 
their cost per year, in reduced insurance rates. 
They are built to fit horizontal openings of 
any size. Write today for complete in- 
formation. 

Akbar Doors can be equipped for dail 
service use, with motor operation if desieed, 
However, the regular Kinnear Steel Rolling 
Doors (non-labeled) are designed for service 
use where maximum fire protection is not 
required. 


The KINNEAR Manufacturing Co. 

FACTORIES: 2250-70 Fields Ave., Columbus 16, 0. 

1742 Yosemite Avenue, San Francisco 24, Calif. 
Offices and Agents in All Principal Cities 
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YOUR OWN 
FIRE DEPARTMENT ! 


...@ fire department that’s on duty 24 hours a day, without 
vacations and without “‘pay’’—safeguarding your property 
... preventing loss of life... protecting your profits ... insuring 
employees’ positions! 


Your yearly insurance savings applied to the cost of a 
Blaw-Knox Automatic Fire Protection System converts an 
existing expense into a capital asset. Reductions from 50 to 
90% are effected by this fully recognized fire protection— 
quickly amortizing the entire cost. 


At your request a Blaw-Knox Engineer will 
make a survey of your fire hazards, secure 
your insurance underwriter’s requirements, 
prepare a preliminary layout of a system 
that will give you the utmost in fire protec- 
tion, and submit an estimate of costs—all 
without obligation. 


BLAW-KNOX SPRINKLER DIVISION 


“LITTLE OF BLAW-KNOX CONSTRUCTION COMPANY 
JOEY SPRINKLER” 829 Beaver Ave., N.S., Pittsburgh 33, Pa. 
Offices in Principal Cities 
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Plant-Wide Fire Protection 


from a single 
LOW PRESSURE 


CARBON DIOXIDE 
storage tank 


Now, your larger size fire hazards can be 
protected more efficiently at less cost, 
thanks to C-O-TWO Low Pressure Carbon 
Dioxide Type Fire Extinguishing Systems. 
Simple piping, running from one centrally 
located storage tank, instantly transports 
clean, non-damaging, non-conducting car- 
bon dioxide anywhere in the plant area 
. .. to flammable liquids, electrical equip- 
ment, storage spaces, manufacturing pro- 
cesses and record vaults. Fire at any 
protected location is extinguished in sec- 
onds with an absolute minimum of ex- 
pense and interruption. 

Flexibility is the keynote of these new 
type C-O-TWO Fire Extinguishing Sys- 
tems ... the low pressure carbon dioxide 
storage tanks range in capacities from one 
to fifty tons . . . discharge facilities can 
either be manual mechanical, manual elec- 
tric, automatic mechanical, automatic elec- 
tric or a combination of these... especially 
installed to fit your particular needs. Fu- 
ture plant expansion is easily and econom- 
ically provided for by initially installing 
an oversized low pressure carbon dioxide 
storage tank and adding the supplemen- 
tary discharge facilities at a later date. 


% 


C-O-TWO Low Pressure Carbon Diox- 
ide Type Fire Extinguishing Systems are 
built with the same superior design and 
high quality workmanship that have char- 
acterized C-O-TWO High Pressure 
Carbon Dioxide Type Fire Extinguishing 
Systems for many years. Whether it’s fire 
detecting or fire extinguishing .. . por- 
tables or built-in systems . . . C-O-TWO 
means experienced engineering that as- 
sures you of the best type equipment for 
the particular fire hazard concerned. 

So, with current expensive delayed re- 
placements, why not let an expert 
C-O-TWO Fire Protection Engineer help 
you now in planning fully approved fire 
protection facilities for your various prop- 
erties. Complete free information and 
descriptive literature is yours for the 
asking. Get the facts today! 


C-0-TWO FIRE EQUIPMENT COMPANY 


NEWARK 1 * NEW JERSEY 


Sales and Service in the Principal Cities of United States and Canada 
Affiliated with Pyrene Manufacturing Company 


MANUFACTURERS OF APPROVED FIRE PROTECTION EQUIPMENT 


Squeez-Grip Carbon Dioxide Type Fire Extinguishers * Dry Chemical Type Fire Extinguishers 
Built-In High Pressure and Low Pressure Carbon Dioxide Type Fire Extinguishing Systems 
Built-In Smoke and Heat Fire Detecting Systems 
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More than 300 Birch Weldwood 
Fire Doors are used in the new 
building for the Institution of 
Physical Medicine and Reha- 
bilitation, a unit of New York 
University — Bellevue Medical 
Center. 


ee 
= 
\ Sz 


and GUARANTEED! 
.-» The Weldwood Fire Door! 


Here at last is a fire door that per- 
forms its number one function — 
restricting the spread of fire—yet is 
so handsome that it can be used in 
the finest interior. 


The secret lies in the unique con- 
struction—the choicest of domestic 
and imported wood veneers are 
bonded to an incombustible mineral 
core. 


The Weldwood Fire Door is ap- 
proved for Class “B” and “C” open- 
ings by Underwriters’ Laboratories, 
Inc. and the Building Officials Con- 
ference of America. 


In addition, the Weldwood Fire 


United States Plywood Corporation car- 
ries the most complete line of flush doors 
on the market including the famous 
Weldwood Fire Doors, Weldwood Stay- 
Strate Doors, Weldwood Honeycomb 
Doors, Mengel Hollow-core Doors, 
Mengel and Algoma Lumber Core 
Doors, 1%” and 134” with a variety of 
both foreign and domestic face veneers. 


Door is so dimensionally stable that 
when properly installed it is guar- 
anteed not to bind or warp for the 
life of the installation. 


Further, it is lighter in weight 
than other fire doors, which means 
that it opens and closes more easily. 


No wonder Weldwood Fire Doors 
have the acceptance of fire officials 
...and are being selected for all 
kinds of buildings — all over the 
country. (Including the United Na- 
tions Building in New York.) 


So, before you specify any door, 
be SURE to get full details about 
Weldwood Fire Doors. Write today. 


a = ed 
WELDWOOD® FLUSH DOORS 
Manufactured and distributed by 
UNITED STATES PLYWOOD CORPORATION 
55 West 44th Street, New York 18, N. Y. 
Branches in Principal Cities * Distributing Units in 
Chief Trading Areas * Dealers Everywhere 
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CENTRAL STATION 
SIGNALS, INC. 
Model PRS 


Waterflow Alarm De- 
vice is approved by 
both the Factory Mu- | 
tual Laboratories and | 
Underwriters’ Labor- | 
atories, Inc. In hun- 
dreds of installations 
it has proved to be 
the ideal alarm device 
for sprinkler systems. 















5-inch size shown above. To install simply drill 
hole in pipe. 





SAVE VITAL MATERIALS! Install this water flow alarm device in place 
of bulky alarm valves. Only 10 oz. of vital material used in our water 
flow switch. 






* Made in all sizes from 2!/,” to 8” 





® It is positive in operation 






¢ Has instantly recycling pneumatic retarding device 
which prevents false alarms 







© Has enclosed electrical contacts for 15 amp, 125 volts 
AC and !/, amp, 125 volts DC 


By installing this most economical alarm device, you will know instantly 
where the water is flowing. Many plants are having them installed on 
each floor or in each section. They save water damage. 








This device can also be obtained as Model PRT, a coded waterflow 
transmitter from which signals are received on a punch register and 
single stroke gong. Practically any number can be installed on a two- 
wire system, thus resulting in considerable savings on wiring. 


WE SOLICIT YOUR INQUIRIES 


CENTRAL STATION SIGNALS, INC. 


Manufacturers of all kinds of approved devices used in Central Station Systems or 
Class ‘A’ or Class ‘B’ Proprietary Fire Alarm Systems, either automatic or manual. 


71 WEST 23rd STREET -:- NEW YORK 10, N.Y. 
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Automatic Rolling Steel 


FIRE DOORS cad WINDOW SHUTTERS 
PREVENT SPREAD of FIRE; 


You need good automatic fire doors in fire walls, corridors, and 
vertical shafts . . . in some cases automatic rolling steel window 
shutters are necessary to protect your building and its contents from 
fires which may originate in nearby buildings. Many, many cases are 
on file which confirm that timely action of automatic rolling steel fire 
doors and window shutters have confined a fire to its point of origin 
and permitted its being extinguished with comparatively small 
damage. Make a survey of your building now, and don’t delay 
action. You will find a Mahon Automatic Rolling Steel Fire Door or 
Window Shutter to meet each of your requirements—all bear the 
Underwiters’ Label. These automatic fire doors may be operated 
manually or mechanically in every day use. If a fire should break out 
while they are in the open position, the automatic mechanism will 
close the door, cutting off drafts and preventing the spread of the fire. 
See Sweet's Files for complete information, or ask for Catalog G-52. 


THE R. c. MAHON CcCOMPAN Y 
Detroit 34, Michigan @ Chicago 4, Illinois 


Manufacturers of Automatic Rolling Steel Fire Doors and Window Shutters. 
Also Many Types of Standard General Service Rolling Stee! Doors and Grilles, 
Insulated Metal Walls, and Steel Deck for Roofs, Floors and Partitions. 


Above: Typical Mahon Automatic Rolling 
Steel Fire Shutter. At Right: Mahon Auto- 
matic Rolling Steel Fire Door Installed 
in a Dividing Fire Wall in a Bus Garage. 


aU aR a Teme yeaa! 
FIRE DOORS and 
WINDOW SHUTTERS 
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PITTSBURGH: DES MOINES iwnousrriat 


Leveled 
SHee/ lemks 


Choose the Pittsburgh-Des 
Moines Elevated Steel Tank 
meeting your precise require- 
ments in type and capacity, 
and you will enjoy every 
benefit of safe and certain 
water supply—at lower cost 
—with guaranteed depend- 
ability. Write for our latest 
“Modern Water Storage” 
Brochure. 


ORR ee ee 


Plants at PITTSBURGH, DES MOINES and SANTA CLARA 
Sales Offices at: 
RRB 1 BOs Se CT CME Tie) DES MOINES (8) 969 Tuttle Street 
NEWARK (2), 250 Industrial Office Bldg. DALLAS (1), . . . 1273 Praetorian Building 
ee Te See eae eer Ulett Ny) 2:0 e082 576 Lane Street 
SANTA CLARA, CAL. . . 675 Alviso Road 
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BETTER FIRE PROTECTION 
with Less Water 


NEW ROCKWOOD T-HEAD 


Rockwood T-Heads provide better and 
more effective protection against fires 
in flammable liquids and ordinary com- 
bustibles. Fires are controlled and extin- 
guished faster with less water—and fewer 
heads are needed to do a better job. All 
distribution of water is discharged down 
into flame space, giving better control of 
fire. Better ceiling protection is obtained 
from Rockwood T-Heads—no water is 
discharged directly onto ceiling. Picture 
above shows Rockwood T-Heads forming 
an excellent water curtain in a large 
grease plant. Water pattern from T-Heads 
overlap near ceiling — stops hot gases 
from mushrooming along ceiling. 

Write for illustrated Folder, today. 


Approved by Underwriters’ Laboratories, Inc. 
and Factory Mutual Laboratories. 


eA te | 


1 


New handling equipment allows plant 
owners to stock materials in higher piles. 
This method presents a serious fire hazard. 
Rockwood T-Heads in recent fire tests 
have proven to be the best fire protection 
in such overcrowded storage conditions. 


> The FHead that will Revolutionize Sprinkler Protection/ 
ROCKWOOD SPRINKLER CO. 


56 HARLOW STREET 


WORCESTER 5, MASS. 


Experienced Engineering ® Specialized Manufacturing ® Expert Installation 





; 
¥ 
yi 
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SAFER 


liquid handling 
for Industry 












THIS NEW TOKHEIM HAND PUMP contributes 
to safer handling of volatile liquids wherever used. 
Stops wasteful dripping and slippery floors. 
Reduces fire hazard and accidents common to 
other methods of liquid transfer. Approved 
for handling petroleum 
liquids — ideal for many 
others. Available in hose and 
spout models—for drums, 
skid tanks and underground 
installations. Order from 
your dealer, your oil 
company or your Tokheim 
representative. Write 
factory for literature. 


OKHEIM 


DOUBLE-ACTION 
HAND PUMPS 


General Products Division 


TOKHEIM OIL TANK AND PUMP COMPANY 
1686 Wabash Avenue, Fort Wayne 1, Indiana 


Factory Branch: 1309 Howard Street, San Francisco 3, California 
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RELIABLE 


AUTOMATIC SPRINKLER DEVICES 


PROTECTING LIFE AND PROPERTY FOR OVER 25 YEARS 


Reliable Automatic Sprinkler Devices have an excellent 
field record . . . superb in design and construction . . . are 
universally approved by all Fire Insurance and Govern- 
mental Authorities . .. and effect maximum reductions in 
fire insurance premiums. 


They comprise a complete line including Automatic and 
Open Sprinklers, Alarm Valves, Dry Pipe Valves, Accelera- 
tors, Circuit Closers, Water Motors and all other acces- 
sories required in Sprinkler Systems. 


PROMPT SERVICE BY LOCAL RELIABLE REPRESENTATIVES 


Experienced Reliable Representatives are located 
throughout the United States, in Canada and foreign 
countries. These local organizations can install a Reliable 
Automatic Sprinkler System designed for each particular 
requirement. Write us for the name of the Reliable Repre- 
sentative nearest you. 


FURTHER INFORMATION ON REQUEST 


Manufactured and Distributed by 


Reliable Automatic Sprinkler Co. Inc. 
BRONX STREET MOUNT VERNON. N. Y 
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OWENS-CORNING 


JEST ONXESBANC CONSTRUCTION MATERIALS 
... CONTRIBUTE TO FIRE SAFETY 


For rating engineers, use of Fiberglas Construction Materials 
means greater fire protection . . . more lasting protection be- 
cause of the natural properties of the basic material, namely 
ageless fibers of glass which will neither burn nor support 
combustion. Notable examples are: 


FIBERGLAS ACOUSTICAL TILE... 
Listed by the Underwriters’ Laborato-. 
ries, Inc.—Non-combustible under Fed- 
eral Spec. SS-A-118a—Non-combustible 
under ASTM, E 84-50 T. 


FIBERGLAS COATED DUCT 

INSULATION . . . Listed by the Under- 
writers’ Laboratories, Inc. Based on 
UL tests, universally accepted as a fire- 
retardant material . . . also no toxic 
fumes. Smoke developed is negligible. 


FIBERGLAS INSULATING FORM 
BOARD .. . Rated non-combustible 
under Fed. Spec. SS-A-118a. A roof 
material used as a form board for 
poured-in-place gypsum and lightweight 
aggregate roof decks. Possesses endur- 
ing fire safety, excellent insulating and 
noise reduction properties. 


OWENS-CORNING FIBERGLAS CORPORATION 
Dept. 117A © Toledo 1, Ohio 


*Fiberglas is the trade-mark (Reg. U. S. Pat. Off.) of the Owens-Corning 
Fiberglas Corporation for a variety of products made of or with fibers of glass. 
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HORTON WATERSPHERE 


provides gravity water supply 


This 75,000-gallon 
Watersphere has been 
installed at St. Ann’s 
Home for the Aged in 
Techny, Ill. It pro- 
vides gravity water 
supply for general 
service and will be the 
primary source of 
maintaining water 
pressure for the auto- 
matic sprinkler sys- 
tem. The water supply 
is obtained from wells 
on the premises. 

St. Ann’s Home is 
conducted by the Mis- 
sionary Sisters, Serv- 
ants of the Holy Ghost. 
It was established in 
1903 and has a ground 
area of 11.5 acres. Fa- 
cilities consist of the 
(1) Main building 
housing both men and 
women, (2) the An- 
nex, housing men only 
and (3) theInfirmary, 
housing the Mild 
Mentai, women only. 
The total population 
of the Home, includ- 
ing Sisters and em- 
ployees, is 330. 

Write our nearest 
office for prices on 
elevated tanks. State 
capacity, height to 
bottom and location. 


CHICAGO BRIDGE & IRON COMPANY 


CLEVELAND CHICAGO BIRMINGHAM LOS ANGELES 
HAVANA DETROIT ATLANTA WASHINGTON 
HOUSTON TULSA NEW YORK PHILADELPHIA 
SEATTLE BOSTON HAVANA SAN FRANCISCO 


Plants at Chicago, Birmingham, Salt Lake City and Greenville, Pa. 
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THE 
STAR 
peutomatte 
SPRAY NOZZLE 


MODEL 
FM-C 
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Ea Laa hide! 
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For More Efficient Extinguishment of Fire 
in Extra-Hazardous Materials 


Designed and approved for better extinguishment in rubber tires 
and other high-piled storage and in occupancies where special 
hazards exist. The Star Type FM-C Automatic Spray Nozzle uses 
water more efficiently and effectively — all discharged water 
going directly into the fire below. The cooling effect produced 
by the overlapping discharge of water from the heads prevents 
combustion at the ceiling. Thus, fewer heads operate and less 
water is utilized A MOST IMPORTANT MILESTONE IN 
THE PROGRESS OF MODERN FIRE PROTECTION! 


Write us for name and address of the 
Star licensed contractor nearest your location 


Licensees in all principal cities — and in Canada 


STAR SPRINKLER CORP. 


Westmoreland and Collins Sts. — Philadelphia 34, Pa. 
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Are Your Employees 
Organized for FIRE SAFETY ? 


NEW Edition of NFPA 
Booklet 


“Employee Organization 
for Fire Safety” 


Outlines Program 


Single Copy 50¢ 


Special quantity discounts for onan ae 
one shipment: FIRE SAFETY 
25 to 500 copies, 25% discount 


500 and over, 33!/3% discount 
Size 6" x 9"—44 pages—2 colors. 


Employees, foremen, plant fire brigades, fire protection engineers, 
department heads and plant managers will find this 44-page illustrated 
booklet a valuable guide to fire safety. While this text describes an 
employee fire safety organization for industrial plants, the same princi- 
ples apply to department stores, hotels, apartments, mercantile build- 
ings, office buildings, schools, institutions and other occupancies. 


BE PREPARED...BE PREPARED FOR FIRE SAFETY! 
ORDER FROM 


SVEN alae USA SBE EH) 


INTERNATIONAL 


60 Batterymarch St., Boston 10, Mass. 
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WELL PLANNED 
ECONOMY 
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Lower Production Cost. America’s huge 
FIRE waste is an overhead charge on 
production ... an unfair burden on our 
manufacturers now competing for world 
trade. Control the FIRE menace. Let 
GLOBE Sprinklers protect your plant. 


GLOBE AUTOMATIC SPRINKLER CO. 
NEW YORK...CHICAGO...PHILADELPHIA 
Offices in nearly all principal cities 


THEY PAY FOR THEMSELVES 











Simple, obvious operation 
makes the Randolph really 
panic-proof— gets it into ac- 
tion before the fire spreads 
— kills fire instantly with a 
snowy cloud of CO,! No 

eee ee valves to turn, no nozzles to 

ee adjust; just point and press 
your thumb! Randolph CO, 
is non-damaging, evaporates 
without a trace. It's safe, 
won't conduct electricity, deterio- 
rate or freeze. 


UNDERWRITERS' APPROVED — 
COMPLETE LINE OF EXTIN- 
GUISHERS AND SYSTEMS. Learn 
how Randolph gives your plant bet- 
25 Ib. Model. Mobile ter preventative fire protection! 


large-area fires. One Write or wire: 
man operation. 


RANDOLPH Laboratories, Inc., 
24 E. Kinzie St., Chicago II, Ill. 15 Ib. Model. Self- 


balanced extra 
range and capacity. 


SIMPLIFIED FIRE @ EQUIPMENT 


10 Ib. Model. Long- 
range hose and nozzle, 
easily portable. 
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+ 19209 + 052 + 


32 YEARS OF SUPERIOR SERVICE 


Prove 


CENTRAL 


AUTOMATIC 
SPRINKLER 
SYSTEMS 


Your BEST PROTECTION 
against the fury of FIRE 


Whether it be a wet pipe system or a dry pipe system — or 
perhaps a Central "Electro-Speed" Deluge Sprinkler ~~ 
tem, you will find the one BEST TYPE is a CENTRA 
SPRINKLER SYSTEM. 


They pay for themselves in insurance savings. 


Write us for information. 


RAL AUTOM 
NKLER COM 


Main Office and Plant 


Fourth Street and Cannon Avenue 
LANSDALE, PA. 


(Representatives in principal cities in United States, Canada and foreign countries) 


C 
) 


ENT 
PRI 


“Central Sprinklers answer the burning question” 


* 19200 ~% 1952 
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Won Duprin 


Builders of Fire and Panic Exit Devices Since 1908 


@ Back in 1908, Von Duprin built the very first panic device. 
Ever since that time, Von Duprin has been the leader in this 
highly specialized field . . . the leader in design, manufacturing 
and sales. 

Each new design and development has had one prime purpose: 
to assure—always—safe exit in time of emergency. 

Von Duprin devices—many of them serving heavy traffic with 
no major repairs for over 40 years—deliver dependable, day-in, 
day-out service with minimum maintenance. 

Von Duprin offers a nation-wide group of trained consultants 
whose job it is to review particular installation requirements and 
recommend the right device—without obligation. 


VONNEGUT HARDWARE CO. 


VON DUPRIN DIVISION 
INDIANAPOLIS 9, INDIANA 
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A GALLERY OF INFORMATION 


AT YOUR FINGERTIPS 


¢ 
¢ 
¢ 
4 ‘ 
‘ 


ait . . 
ane These recent publications of the 
Safe Manufacturers National Association are 
yours for the asking. 


Within their pages are revealed a wealth of 
technical information—and the most up-to-date and 
authoritative guides to the safekeeping of records. 


Fire is the No. 1 enemy of your 
vital records. You owe it to yourself to learn how 
YOUR records may be protected. 


| 


Write today for one or more of the above titles. They will be forwarded promptly, 
and without charge, upon receipt of your request on your business letterhead. 
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NATIONAL ASSOCIATION, Inc. 


366 MADISON AVE., NEW YORK 17,N. ¥ 
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In The Background 


Till Fire Strikes 


Fits in smoothly with the most modern interiors. 
Barely visible, but ready at a second’s warning 
to spring into action. Viking Flush Type Sprinkler 
Heads offer great dependability, plus true func- 
tional design. Get all details today from the 
Viking representative in your neighborhood. 


PROTECTION ASSOCIATION 


THE VIKING FLUSH 
TYPE SPRINKLER HEAD 


VIKING CORPORATION REPRESENTATIVES 


Crawford & Slaten Co. 
Atlanta, Georgia 


Walton Viking Co. 
Kansas City, Missouri 
St. Louis, Missouri 
Omaha, Neb. 


Viking Sprinkler Co., Inc. 
Boston, Massachusetts 


Crawford Sprinkler Co. 
Charlotte, North Carolina 


Hudson Viking Sprinkler Co. 
St. Paul, Minnesota 


C.W. Hutchinson, Inc. 


Huntington,West Virginia Buffalo, New York 


Texas Automatic Sprinkler Co. 
Dallas, Texas 
Houston, Texas 
San Antonio, Texas 
Jackson, Mississippi 
Memphis, Tennessee 
New Orleans, Louisiana 
Oklahoma City, Oklahoma 
Little Rock, Ark. 


Viking Automatic Sprinkler Co. 
Chicago, Illinois 


Viking Sprinkler Co. 
Cincinnati, Ohio 
Cleveland, Ohio 
Indianapolis, Indiana 


Viking Automatic Sprinklers, Inc. 


Viking Sprinkler Co. 
Detroit, Michigan 


Viking Sprinkler Co. 
Grand Rapids, Michigan 


California Viking Sprinkler Co. 
Los Angeles, California 


Viking Sprinkler Co. 
New York, New York 


Viking Sprinkler Co. 
Philadelphia, Pennsylvania 
Pittsburgh, Pennsylvania 


Viking Automatic Sprinkler Co. 
Seattle, Washington 
Portland, Oregon 
Vancouver, B. C. 


THE VIKING CORPORATION 


HASTINGS, MICHIGAN 
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RELAGRIPS 


THE “OWL INS R PLAIN PIPE 


now listed by 
FACTORY MUTUAL 


LABORATORIES 


for use on sprinkler systems 


Rolagrip pipe couplings are now listed by Factory Mutual 
Laboratories for use on sprinkler systems. 

Rolagrips are for plain end pipe —no threading, grooving, 
flanging or welding is necessary. Rolagrips are easy to apply— 
no special tools or skills are required. Every joint becomes a 
flexible union; every joint can be easily dismantled for repair or 
clean-out. Rolagrips withstand shock, end pull, vibration, expan- 
sion and contraction, and are especially convenient on cut-ins. 

Rolagrip couplings are available in sizes 1%” - 12” for use on 
plain-end steel or wrought iron pipe, new or used. Gustin-Bacon 
also offers Gruvagrip couplings for grooved pipe, now listed by 
Factory Mutual Laboratories for use on sprinkler systems. 


WRITE TODAY FOR PICTURES, PRICES, STRESS CHARTS, 
FULL DETAILS ON THESE TIME-TESTED COUPLINGS, 
NOW AVAILABLE TO THE FIRE PROTECTION INDUSTRY. 


GUSTIN-BACON MANUFACTURING CO. 


210 W. 10th ST. KANSAS CITY, MO. 
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Bositive, fire-killing foam. 

National Foam engineers can survey 
your plant, study risks involved, and 
then determine the type of foam pro- 
tection best suited to your plant’s 
requirements ... mechanical or chem- 
ical foams... the most complete choice 
of devices available .. . Foam Cham- 


inks, Overhead Spray 
Deflectors, Nozzles, Dip Tank or Drain- 
board Systems, or even small ex- 
tinguishers and other devices . . 
whichever is best suited to your par- 
ticular needs. Large plant, or small, 
National Foam specialists are ready to 
engineer foam protection to meet the 
hazards of your plant. 

Let National Foam engineers and 
chemists show you how to get the best 
foam fire protection today! Consult 
your nearest National Foam Distributor, 
or write us direct about your problem. 


NASON 


FOAM ERIE 


Headquarters for Foam Fire 
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WEST CHESTER, Tre 
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important advantages. 


the disc being eased away instantly from the seat. The shoes then ride the 


-tracks squarely and firmly for the full travel of the disc. In closing, discs 


ride the tracks down to a point exactly opposite the valve seat. At that 
point, the discs are clear and free to seat by action of the two spreaders, 
each functioning independently of the other. 

M & H double square bottom valve prevents the down stream gate 
from tilting into the down stream port opening and by chatter or vibra- 
tion damaging the seat and gate rings. These valves can be installed with 
either disc on the down stream side. 

Available in classes A, B, and C, sizes 3” and larger. Where bedied. 
can be supplied with rollers; or roller, tracks and scrapers. For com- 


‘plete information, write or wire M & H Valve and Fittings Company, 


Anniston, Alabama. 


Everywhere 











\ to in: Ive fot shroedini: purposes, or. ina 4 
‘line, M & H double one bottom valves have many 


Geaais vale la baietigd: excl OF (ie theee shoes on both dics immediately : 
contact the feathered edge of the tracks. These three contacts result in — 
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FASTER DELIVERIES 


Now your drivers can 
make LP-Gas deliveries faster... 
and SAFER with the revolutionary, 
new Shand & Jurs “Safetiflo” for 
LP-Gas truck tanks. The driver has 
only to prime the valve on his 
initial delivery to make subse- 
quent operation fully automatic. 
Should ANY accident occur during 
delivery that would cause an 
excess flow, the “Safetiflo” AU- | 
TOMATICALLY closes, preventing hie 
further discharge of LP- 

Gas. Yes, the S&J “Safe- 

tiflo” will help your driv- 

ers make more deliveries per truck 
per day . . . and provide even 
GREATER SAFETY. 


Ben ae Diane) fa 8TH & CARLTON STS. » BERKELEY, CALIFORNIA 


New York Chicago Houston LET. Tat) Seattle 
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Fire protection is serious business. A single automatic sprinkler may be called 
on to decide the fate of your company, whether it is a small single-plant opera- 
tion or a large multi-million dollar corporation. Insist on all the plus values 
offered with 10 POINT Fire Protection. Here’s what you get: 

1. JOB SURVEY and ENGINEERING ANALYSIS: Detailed to meet individual 
needs. 

2. BASIC FIXED TEMPERATURE SYSTEMS: Improved devices for fire detec- 
tion and water extinguishment. 

3. RATE-OF-TEMPERATURE-RISE PROTECTION: Recognized leaders in the 
development of high speed systems for all fire hazards. 

4. QUALITY CONTROL: All system components—material and manufacture. 

5. ACCURATE PREFABRICATION: Reduced installation time and expense. 

6. QUALIFIED INSTALLATION CRAFTSMEN: Experienced in fire protection 
for all types of property. 

7. NATIONWIDE ORGANIZATION: Expert fire protection engineers at your 
immediate service. 

8. INSPECTION AND MAINTENANCE: Low cost service keeps fire-fighting 
equipment in fire-fighting condition. 

9. CONTINUING RESEARCH: Constant improvement of old methods and 
development of new. 

10. CONVENIENT PAYMENT CONTRACTS: Liberal lease, cash, 


plans permit payment out of savings. 


or deferred 










“AUTOMATIC” SPRINKLER CORPORATION OF AMERICA 
YOUNGSTOWN 1, OHIO 
OFFICES IN PRINCIPAL CITIES OF NORTH AND SOUTH AMERICA 


Uulemulte Yorinklec | 


FIRST IN .FIRE PROTECTION 











GAMEWELL 


Municipal Fire Alarm Systems 


Until the Fire Department knows there is a fire — and 
the exact location — it can do nothing about it. 


For the protection of the values at risk — human life, 
property, business and income — adequate fire alarm 
box distribution is a sound investment. 


The Standard Municipal Box 


GAMEWELL Three-Fold Type 


INDUSTRIAL FIRE ALARM SYSTEMS 


We also supply complete systems for industrials and 
institutions. Write for our catalog descriptive of the 
Vigilarm System of Automatic Fire Detection. 


THE GAMEWELL COMPANY 
Newton Upper Falls 64 - Massachusetts 





GRINNELL 
Automatic ProtectoSpray 


The Grinnell Automatic ProtectoSpray Nozzle is the 
latest addition to a comprehensive line of spray nozzles. 
The actuating element is the same as in the Grinnell 
Quartzoid Sprinkler and is available in the same 
range of temperature ratings, protective coatings, and 
finishes. Three orifice sizes and six deflector angles 


meet various engineering requirements. 

Recommended for risks involving high piled hazardous 
material where wide uniform coverage is desirable. 
Also for control or extinguishment of flammable liquid 
fires of all types, exposure protection for tanks contain- 
ing such materials, and for blanketing openings in walls 
and sidings to prevent the spread of fire. 


Information is available for the asking from any of 
our offices in principal cities. Grinnell Company, Inc., 


Providence 1, R. I. 


"Reg. appl. for 


q 


GRINNELL SYSTEMS 


i For Protection Against Fire 








